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n [SUBJECT of the Invention] 

W.f±T'C±fji^ti^M^^nm Provide the classifier which can be highly 

Ix^/kdS^sI&T- ^iftffiyS'C^ accurate, can classify the ultrafine particle of the 

$ hl^^M^McoM^^ particle-size the level of several nm generated 

^iSi^'f -5 ^ <!; /i^'sitgT'^:^^^ under reduced pressure, and can further be 

B^^^t't" 5 i ^ o conveyed to the deposition chamber by the side 

of a high vacuum. 



jiT n //W^ 19 iZs^lfP 5 CD ^ ^ 



[PROBLEM to be solved] 

On the occasion of introducing aerosol for this 
from the aerosol production range of the 
microparticle generation chamber 19 to 
classifier 3 using pressure difference, the total 
pressure of the aerosol capture section 
comprised at the classifier side is set up equally 
or highly compared with the total pressure of an 
aerosol production range. 
With this composition, the static pressure of the 
capture section is lowered rather than the total 
pressure of an aerosol production range by 
enlarging the carrier gas flow rate of the aerosol 
capture section 5, aerosol can be Introduced 
Into the interior of a classifier with a value 
equivalent or high as a total pressure, from an 
aerosol production range equivalent or low as a 
total pressure. 



7/14/2003 



4/43 



(C) DERWENT 




1 : Aerosol classification section 

2: Aerosol generation section 

3: DMA fine-particle classifier 

4: Carrier gas piping 

5: Aerosol taking-in section 

6a: Aerosol conveyance pipe 

7: Ionization chamber 

8: Carrier gas inlet 

9: Sheath gas introduction port 

10: Classification completed aerosol output port 

11: Sheath gas output port 

12: Aerosol ejection slit 

13: Aerosol taking-in slit 

14: Filter mesh 

15: Inner-husk cylinder 

16: Outer-shell cylinder 

17: Positive-electrode high-voltage electrode 

18: Earth electrode 

19: Fine-particle generation chamber 
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20: Evacuation -based 

21 : Turbo-molecular pump 

22: Rotary pump 

23: Dry pump 

24: Mass-flow controller 

Pulse laser beam 
25: Laser-beam introduction window 
26: Solid target 
27: Aerosol collection mouth 
28: Aerosol conveyance pipe 
29: Classification region 
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[CLAIMS] 



[CLAIM 1] 

A microparticle classification method with 
respect to the microparticle in aerosol, in which 
in introducing to a classifier the aerosol 
produced in the aerosol production range using 
pressure difference, and classifying a 
microparticle, compared with the total pressure 
of said aerosol production range, the total 
pressure of the aerosol capture section 
comprised at said classifier side set up so that it 
might become higher or equal. 



[ff*IS2l 



[CLAIM 2] 

A microparticle classification method with 
respect to the microparticle in aerosol, in which 
in introducing to a classifier the aerosol 
produced in the aerosol production range using 
pressure difference, and classifying a 
microparticle, the aerosol capture section 
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comprised at said classifier side is having piping 
structure where specific carrier gas flows, and it 
Is more slender than the diameter of piping 
before and after. 



[CLAIM 3] 

A mlcroparticle classification method with 
respect to the mlcroparticle In aerosol, In which 
In Introducing to a classifier the aerosol 
produced in the aerosol production range using 
pressure difference, and classifying a 
microparticle, the medium gas of a different l<lnd 
from the medium gas source in an aerosol 
production range is introduced as the carrier 
gas or sheathing gas inside a classifier. 



[CLAIM 4] 

A microparticle classification method with 
respect to the microparticle in aerosol of Claim 
3, in which the medium gas which has a density 
higher than the density of the medium gas in an 
aerosol production range is introduced as the 
carrier gas or sheathing gas inside a classifier. 



Iff 5 1 [CLAIM 5] 

:x.T'ci'-/;v^^W$.X^Txii/ A mlcroparticle classification method with 

/v^^^i'-SlxPt-^Ts respect to the microparticle in aerosol, which 

fz^T p yVw^da^T^^^^M^^ff consists of the phase of producing aerosol In an 

?r^ijffi LT^T p yVu^t? ii^ aerosol production range, the phase which 

^^M-X't^^^ts ^Tti "/ introduces the produced aerosol to a classifier 

/u®i'9iA^Bl5^3>A$tbfc:^T to the aerosol capture section using pressure 



7/14/2003 



(C) DERWENT 



DERWENT 

p yVi/?r^^^^5>fSp|5^i5i^1" difference, the phase of conveying the aerosol 

t . TOi^^^ii^SIx introduced to the aerosol capture section to the 

P^i:;^^^^^^ microparticle classification section, and the 

mltfi^T n y/i^^^>^jS:Sg^3# phase of classifying a microparticle, on the 

A't'Sl^l^LT, ffflH^Tp/ occasion of introducing said aerosol to a 

/\^^±i^i$,(DU}£\^it^LX , classifier, compared with the total pressure of 

wit&'^^^^^WMi^Mf^^titc:^ said aerosol production range, the total 

T p y/vffil *9 iA^p|5C0^.i±^\ pressure of the aerosol capture section 

V ^{ii^ < S ct 5 comprised at said classifier side set up so that it 

'^Lfz^ t ^Wi^t'i'^^T tJ might become higher or equal. 

[W*^I6] [CLAIMS] 

9~^y Y^\z.v--^\f--J>^^ A microparticle classifier with respect to the 

^ TT^T n y ¥^ microparticle in aerosol, which consists of 

S b > ^ Xitz,:^T n y/v^ means to apply a laser beam to a target object 

^iE^^iJffi LT^T n yVw^^^ and to generate aerosol, the aerosol reception 

*9 iitf n y/i^® means which receive the generated aerosol to 

3i^^^i:> :x.T aerosol classification means using pressure 

ti^'k^T^Mc^'^W^^^YWi^l^ difference, microparticle classification means to 

oiTn yVi/^oiT p y/vife classify a microparticle from aerosol, and the 

^ ai-^¥S;^>^b^S^^*5>^3S:¥^ aerosol feed drive means which conveys 

^jJl^3^i"'5^Tn yVwj^32^^^ aerosol from aerosol reception means to 

}ii)^h^^ ^ microparticle classification means, compared 

niT p yVi^ffit ^9 3Zi^#^(l> m with the total pressure of said aerosol 

iBnzT p V )\^%^^^(r>WSL\^ production means, aerosol reception means are 

tbK LT. mW7iW^WWi^\% set up so that the total pressure of the site of the 

sfe^tt^^c^TP yVi^lBt "9 aerosol reception means comprised at said 

So^fB{4C)^^JE;5\ [rI^;O^^V^ classifier side may become higher or equal. 

5 r ^ ^ 1# It <t 1" 5 ^ T p yVi- 



[f»*il7l [CLAIM 7] 
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A microparticle classifier with respect to tlie 
microparticle in aerosol of Claim 6, in which 
aerosol reception means branch with aerosol 
generation means, and are stretch, and it 
connects with carrier gas piping for which the 
carrier gas for aerosol conveyance flows, 
moreover, the diameter of piping of the capture 
site of aerosol reception means is set up more 
thinly than the diameter of carrier gas piping 
before and after. 



8 ] 

5 ft *IM 6 * fc 7 tetter ^ T 



[CLAIM 8] 

A microparticle classifier with respect to the 
microparticle in aerosol of Claim 6 or 7, in which 
microparticle classification means, the medium 
gas of a different l<ind from the medium gas 
source in an aerosol production range is 
connected to sheathing gas introduction piping 
introduced as the carrier gas or sheathing gas 
inside microparticle classification means. 



[DETAILED DESCRIPTION 
INVENTION] 



of the 



[00 0 1] 



[0001] 



WM(Dmi-^&.Wi'^>W] [TECHNICAL FIELD of the Invention] 

D yvwcftO^S This invention is a microparticle classifier which 

^l^Ml'X^^XWii'fir^'^U operates by the gaseous phase to the 

T■:5->0^ttt'fco■C^ #{c:x7 microparticle in aerosol, comprised such that it 
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p /i^^(D)(i^W^^^^^M^ is related with the microparticle classifier of the 
i±"x ^ hl^n^W.^^WMir^Z type classified using the difference of the 
Wi^\^i^^Ltz^W}&(D mobility depending on a particle size by 
^Sr^iJ;^ LT^^i^Sff^^cD^ electrically charging the object microparticle in 
^^'^^&^Mi^Mir^h(7)^h aerosol and further impressing an electrostatic 

field in particular. 

[0 0 0 2] [0002] 



mMcomi] [PRIOR ART] 

^^l-7'5>l?:i^^^7);^5^ t LTfi As a system of a microparticle classifier, there is 

^^t^hM"^ (D^ 4 zf(D t cD;6^ conventionally various type thing. 

fcS^^ %\(D"^%^\\}i\^X. However, the electrical-mobility classifying 

(Differential method (Differential Mobility Analyzing: DMA) 

Mobility Analyzing: DMA) \z.o is described as 1st prior art example. 

V^Tizli^So ^:h>f4x This is the classifying method performed using 

/v»t^ 5 1^ impressing an electrostatic field on the occasion 

^^^^^ ^^^'ttb/ct^tc of classifying the microparticle in aerosol after 

#fl;#^Pn:!jP b^ W^^^'X,^ electrically charging an object microparticle, and 

^ {Wi^ (c: J: 19 the mobility in medium gas changing with sizes 

#iJ]|S;6^iS 9 ^ ^fijffl LTtT (particle size) of a microparticle. 

O^MM^X'h^o -(^SWi^o The detail about this technique is indicated by 

V^T(Df¥J^B(i^J;i{4^ Journal of Aerosol Science, Volume 28 (1997), 

)V • iry' • aiTn y/i/ • and 193 pages -206 pages (J. AerosolSci.28 

^28^ (1997^), and ppl 93-206 (1997).). 
1 9 3 M;0^ b 2 0 6 M (J. 
Aerosol Sci. 28, pp1 93-206 
(1997).) ^C|E*fe^tlTV^So 

[0 0 0 3] [0003] 

% 2 cotS^I^J i: LT. ^31^4^11 As 2nd prior art example, the microparticle line 

K ^ ^> & ( Particle Beam mass classifying method (Particle Beam Mass 

Mass Spectrometory: PBMS ) Spectrometory: PBMS) is described. 

}col/^T3zl!^5o ^tifi^^^dr From the source of a microparticle which sealed 

fa^W^'i-'^^X Ltc^U^W^ the microparticle used as object, this changes a 
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^M^^l^^iU't^T^^ microparticle a supersonic line (beam) in the 

'CW.^^^Mm'M^ ( A) process in which it ejects in a high vacuum. 

it't^o ^(Z)$S5feiiF^l^ It is the system which next, performs the 

M^M^MMiir^Z tX'^M^ classification according to the mass of a 

■ti:, IrIC< MM^'P'^M^^W microparticle by making this microparticle line 

M-t^:itX*. ^J^^tOW^tc: electrically charge by irradiating an electron 

Jt\I^tc^B.^ffo:f7^'Vh^o beam, and similarly impressing an electrical 

:i(D^WH^^\'^X(DUMiMx. field in a high vacuum, 

ff^ i^^—t/i^ • • d The detail about this technique is indicated by 

y/u • f-^ j:^^;^ , ^ 2 6 ^ ( 1 Journal of Aerosol Science, Volume 26 (1995), 

9 9 5¥). 7 4 5Mf)^h 7 5 6 and 745 pages -756 pages (J.Aerosol Sci.26 

M ( J. Aerosol Sci. 26, and pp745-756 (1995).). 
pp745-756(1995).) (Cfe^^tL 

[00 04] [0004] 



MAXh 50-lOOTorr 

/V) , 1 0 n m^T(Dm.WL 
fciCfi, ;y;<j±5 0 T o r r iil 



[PROBLEM to be solved by the Invention] 

However, in said 1st prior art example, 
development has started on the assumption 
that it samples and classifies from the aerosol of 
atmospheric pressure originally. 
It is thought that the gas pressure of operation 
inside a classifier is high, and the working 
pressure of 50 to 100 or more Torr is required 
also of the latest reduce pressured type DMA. 
On the other hand, in order to 
functional-material-ize and to generate a 
ultrafine particle with a particle size of several 
nm (nanometer), especially 10 nm or less In a 
physical gaseous phase, it is desirable to carry 
out in noble-gas atmosphere where mass is 
small of 50 Torr or less of gas pressures, as 
much as possible. 

In order to use the ultrafine particle generated in 
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^mx. mmunt vxm^^ 
^ i&:j£x<Dmm^'^m^iDMA 

^~:^^mv:^'^tvxm\,^^^ 
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this way as a functional material passing 
through the process of classification * 
deposition, DMA which the operation in low 
voltage can do as a classifier is needed. 
It is because it is most effective to use 
pressure-difference introduction in order to 
mal<e a classifier flow in aerosol from a 
generation range. 

Moreover, since the sharpness of classification 
of DMA is determined by the degree of brown 
diffusion of the object microparticle in aerosol, it 
has the inclination to deteriorate, by using a 
light noble gas which is needed in a generation 
range as medium gas. 



[0 0 0 5] 

t^o. (V) sxr(Dm 



[0005] 

Next, by 2nd prior art, in order to classify a 
ultrafine particle with a particle size of several 
nm, since a ultrafine particle is beam-ized in the 
ejection process from the source of a 
microparticle, design of a hydrodynamic lens 
becomes difficult. 

Moreover, as long as the size of an apparatus is 
stopped in the size of the apparatus of a 
commonsense range, the electric ground 
contact of a classification section vacuum 
tank-wall surface needs to become the 
accuracy below 0.1v (V). 



[0 0 0 6] [0006] 

:^^^^l(t±ti(DW:M\^&^^J:^ This invention is made in view of the 

titch<Di:h^X ^ ^^f£TMx. above-mentioned subject, comprised such that 

{i*5 OTo r r ^TX^f^^tl it aims at providing the DMA type classifier 

?))|aLfli[nmU^/w«^^^T- which can sample efficiently the ultrafine 
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ct i^-yy^V y^^^LX^ particle of the particle-size the level of several 
W&f^'T^B.^^j^^^ $ bt^f^X nm generated, can perform a highly accurate 

classification by under reduced pressure, for 
^ <t oltb^^c^s D example, 50 Torr or less, and can further 
MAM«7)^>^SS©^^tti"S ^ convey a classification completed ultrafine 
t^B^t^^o particle to the deposition chamber by the side of 

a high vacuum. 

[0 0 0 7] [0007] 



l^M^^^fc^<D^^] [MEANS to solve the Problem] 

±l2I^M?r^?^^i"5 7tfe{c:, ^ In order to solve the above-mentioned subject, 

^^MODMAM'^'itF^Wit, ^ the DMA type classifier of this invention, on the 

T ^ y /^^^M^'i^'h ^ti^"^ occasion of transducing this from an aerosol 

Bc^W^^Zi:^^ LXMA't production range to a classifier using pressure 

5{c:|^L. :3irny/v^^^^ difference, the total pressure of the aerosol 

(DUB^^it^LX s capture section constituted at the classifier side 

^:lW^^i^fc^Tpy'/v©'9iZi is set up equally or highly compared with the 

^$P<7)^xi±/5^ IWI^fo 6 V total pressure of an aerosol production range. 

<W^^tiX\/^^o ^(OMf^X\ With this composition, in order to receive 

^^^^Xi^fii^^T n yVl/^lfe ^ oA aerosol to a classifier, it is necessary to lower a 

tstc^lzit, M ^ ]2^^U(D^^ static pressure by enlarging the carrier gas flow 

y T:ff:^ilM^^i^'^ < 't^ - t rate of the capture section. 

Ki . nfJ±^Tif^ii^^M^^^h Thereby, if the static pressure of the capture 

5o J: ^ ^ iA^^O section can be lowered from the total pressure 

WJ±^^T p //i^l§^Mi§lc©|t of an aerosol production range, aerosol can be 

JEct *9 Tlf S ^ t tif±\ transduced into the interior of a classifier with a 

^.J± t LTfil^^^^fe '5 VMiffi value equivalent or high as a total pressure from 

VNjciTn y/l^^^^^^:0^b^^JE an aerosol production range equivalent or low 

LT{i[n]^/5>fc5v^(i:iftV^{[l as a total pressure. 

[0 0 0 8] [0008] 

^fc. :^^0^c7)DMAM^>^S^ Moreover, the DMA type classifier of this 
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Wts ^^^^^^il'Ji^tiijg^ti/c: invention, the aerosol capture section 

a:T^y ;v^^9iZi^pl5;6^^ constituted at the classifier side is having piping 

(D^^ V T;^f;^;6^fiittiSI£^ti structure where specific carrier gas flows, and 

LXio^ , f)^^m^k(D^i^ since it is set up more thinly than the diameter 

(D^X "9 t)?i^ffl<Ix;^$tiTV^5 of piping before and after, it has the structure 

, T n y^/u^ where the flow rate of the local carrier gas in the 

fcltS^Bf^^^-r V T:ff:^(DM aerosol capture section increases. 

il^i^ffi^Stiiat^c^oTV^So Thereby, it makes it possible to lower more 

C:ti(c:J:*9. 5^0^S{l'J^Tn effectively the static pressure of the classifier 

yVi/^ *9 ]li^U(Dn^J± ^X^^J} side aerosol capture section. 

[0 0 0 9] [0009] 

y^mODMAM^B. Furthermore, the DMA type classifier of this 

SEfi> ^Tn y/v^^i^J^{c invention takes the composition into which the 

fctt i: ^^J:^tcM medium gas of a different kind from the medium 

M<D^W:ff ^i^^T p yVi^ gas source in an aerosol production range and 

^^^l^{^^ottS^K:^f^® J: medium gas with larger mass than the medium 

5> gas source especially in an aerosol production 

^^MP^pP^^^-Y y T;^;^ t> L range are transduced as the carrier gas or 

< iit^y-':^:ff7. t LXWA^ti sheathing gas inside a classifier. 

toTV^6o Cltl/t^ct This will further lower the static pressure of the 

*9 > ^ b tC5$?j;^^(c5j^0^g(Z) aerosol capture section of a classifier 

znTn y /i^^J9 3A<^pp(Z)#J±^ effectively, as a result, aerosol can be more 

Tif 5 ^tK^^^s I>v ^X(i J; efficiently received to a classifier. 

«9 5§b^W{-^Tn y /u:Sr^0^ Simultaneously with it, that the mass of the 

^{c:|Bli9 3itfC: <t;5^'T?#'5o ^ medium gas in a DMA type classifier (carrier 

DMAM^^&^W gas or sheathing gas) is heavy suppresses 

rttcijott SilKW:^^ VT brown diffusion of the object ultrafine particle in 

t> L < fiv-^;^;*/' <DW a classification range. 

S;0^fiv>:i (i, ^B.^Mi$cX(D Therefore, a sharpness of classification also 

MMMWU^ (Dzfy^l^i&Wii'^ becomes goes up as a result. 

mii-^o^x'^^t Lxmm 
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[0 0 10] [0010] 



l^moDmMmm] [embodiment of the Invention] 

:^^^^(DW^^1 m5ic<^^5^ Invention of Claim 1 of tiiis invention, in the 

{i^ oiTn y'/v^^^^^i^b^ DMA microparticle classification method of the 

TP y/^^:9'§i^S^^iE^^U system which transduces aerosol from an 

^ bT^A"t'6:fe'^(7)DMA^ aerosol production range to a classifier using 

3K^:5>^:^fet^*5V^T^ :a^TP pressure difference, compared with the total 

yVl/^^i^^co^^J±^c:l:b^ L pressure of an aerosol production range, the 

T> "^Mi^^WMl^^Mfj^^titc:^ total pressure of the aerosol capture section 

T p yVvlgi 19 iA<?^p[5cD^^j±;5\ comprised at the classifier side is set up equally 

m^h6^^lt^<m^^tiX\^^ or highly. 

5o ^(D^Uf^X\ With this composition, in order to receive 

T p yVv^iSi ^ ii^t^tctbic^ M aerosol to a classifier, the static pressure of the 

^ ]2^^^l^^^ y TM:^ ?r:'^# capture section is lowered by considering as the 

J^f i5it3i"C?JfDi"1iia(i:'t"5 ^ ^ structure of passing carrier gas by the major 

ct«9x ^'9 3i^§[5tO#flE^Tff flow rate in the capture section. 

TV ^ 5o ^ ct *9 ^ ffit ^ If the static pressure of the capture section can 

"^(DW^J^^^T p y /i^^^^*^ be lowered from the total pressure of an aerosol 

(D^sJIJ: ^9 Ttf SCI production range by this, aerosol can be 

(t\ ItJEir LTfifpJ^/i^foSV^ transduced into the interior of the classifier 

fifgl/^^T p yVi-'^^M^^^ which has a value equivalent or high as a total 
^tJ±i: LTtilRl^^^fcS pressure from an aerosol production range 

it^M^^iU^ ho'^B.WiWi^^U equivalent or low as a total pressure. 

[001 1 1 [0011] 

r T. ft 2 dlEic^O J: 0 Here like Claim 2, carrier gas with the specific 

^W^^^Mi^Mf^^tifc:^ aerosol capture section comprised at the 

T p //i/^ ^ ^"^(D classification means side flows, and since the 

y T :^i^^Mti^ ct 5 f^^cC diameter of an aerosol capture site is set up 

oTfc ^ ^ ^^^^T p yVv^ more thinly than the diameter of piping before 

^^^^itcoWt. ^coftut^colE and behind that, it has the structure where the 

^©fSct *9 t)?^fl< ^:^^tLTV^ flow rate of the local carrier gas in the aerosol 
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5 . T n yVv^ «9 capture section increases. 

\:iioiii^M}Wi^^^ V T:ff^y^(D Thereby, it makes it possible to lower more 

ftfciS/J^f^^Stij^i^c^oXV^ effectively the static pressure of the classifier 

5o "^Bl^^WM^ side aerosol capture section. 

[0012] [0012] 

^h\^s ffi^^I 3 , 4 dfSic^^ Furthermore, the medium gas of a different kind 
cfc^i'^N n from the medium gas source in an aerosol 

ioii1r^M:W:^^^Mt^^£^fcM production range and medium gas with larger 

^ ^ p yVw mass than the medium gas source especially in 

^^M^t^*3ttS^SK>!/^@J: an aerosol production range take the 

^KM(Dj^^\/^MM:ff^^^^^ 5> composition transduced as the carrier gas or 

^#lxF^p[5<7)^-t y T:ff:^h L sheathing gas inside classification means like 

<\ti^-7s:ff:^t\.xmA^ti Claim 3, 4. 

SW^ife^i: oTV^So ^ttf^ct This further lowers the static pressure of the 

f9 X ^ aerosol capture section of a classifier 

:x.Tn/;i^^J9iZh<^p|5co#i±^ effectively, as a result, aerosol can be more 

Tif^^t^£^. 5iV>Tfi J: ^9 efficiently received to a classifier. 

^^^(c:r.T n Simultaneously, since the mass of the medium 

(c:^ ^9 jAt?^ (t So l^lBt gas in a DMA microparticle classifier (carrier 

DMA^^^^?gJi^MF^}- gas or sheathing gas) is heavy, the spatial 

jottS^R:^^^ (^'YVT:^::^ dissipation by brown diffusion of the object 

hL<s litiy^:^:^^) ultrafine particle in a classification range is 

Sv^fc&fc, ^M^-CO^f^ suppressed. 

MWiU^o^yy^yiAMlzX^ Therefore, it leads also to a sharpness of 

^fflS^tJcJ^^SIi^'Ji'S W'T?, 1$ classification going up as a result. 

[0 0 13] [0013] 

mmmm) ^m^l^ (Embodiment) 

Jott5llSfe©ff^^}coV>TlJi^ Next, Embodiment in this invention is 

^■fSo l211(-> yi^^Mmm demonstrated. 
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In FIG. 1, the cross-sectional model of the 

l^^m^^i^o lEl 1 < 5)^ microparticle classifier in this Embodiment is 

MLX. oiTp yVw4^(D^)5^^i^ shown. 

^^Si-f S^Tn yVi-^>&^|5 1 FIG. 1 is roughly categorized, it comprises the 

W^^^^ts^T^y/i"^ aerosol classification section 1 which classifies 

^fife (^^) i^S^TpyVi^^ the microparticle in aerosol, and the aerosol 

j5!K^2tCct ^^i^^ttXV^So generation section 2 which generates the 

^ n:T p 1 {i aerosol containing a microparticle (production). 

2 MiHW^^'ff^DMAWiML^^ Furthermore, the aerosol classification section 1 

Bi^M^i^S^ ^TnyVv^iA consists of double cylindrical differential type 

o y Ji^M^^ 6 fj: if DMA microparticle classifier main-body 3, 

;6^??t#^^ti/TV^So aerosol taking-in section 5, and aerosol 

conveyance pipe 6 etc. 

[0 0 14] [0014] 

oiTn yVi^^j^fe^ 2 (i^liT^^ The aerosol generation section 2 consists of 

9 t^(DM^W^7^2 0 microparticle generation chamber 19, and its 

^S:t^^^h^f&^tiX\/^^o evacuation group 20 etc. 

p y yi^^^^ 2 The aerosol generation section 2 consists of a 

tp^TP yVi^$r^i^^5fcfe<^ microparticle generation chamber 19 used as 

1 9 the main body for generating the aerosol 

9 {z.^l'f h containing a microparticle, an introductory 

ti^^S^^i^^^ 2 0 F^tdixg^ window 25 which transduces a pulse-laser 

titz.^i^'^—^^y h 2 6 {vi(p]tt beam towards the solid target 26 which was 

T/^/i/J^ l^^if tf^ A^z^A^ prepared in the microparticle generation 

'5^A^n2 5 ts S^^^^^y chamber 19 and installed in the microparticle 

h 2 Gt^hUctii^titc^^Ttiy^ generation chamber 20, and 1st aerosol 

/u^^T p yV^:9*^^ 2 ^1^^ conveyance pipe 28 which supplies the aerosol 

<7)3:.Tpy'/i^Mill@2 discharged from the solid target 26 to the 

8 t ^ 1 c7)aiT aerosol classification section 2, the one end of 

p y^^Wti^^ 2 8 (D—l^itWi^ 1st aerosol conveyance pipe 28 is prolonged to 

•T-^-HS^i^^l 9l^(7)[aft:^— the solid target 26 installation part in the 

h 2 Q^M.p^'^^XMl^X microparticle classification generation chamber 

^(D^iQ{z.:x.T p yVv^ilX^i" 19, and the aerosol collection mouth 27 which 

5:r.T p yVvilX^ P 2 7 :^^lxtt collects aerosol is formed at this front end. 

btiTV^So 9 The turbo molecular pump 21 and the rotary 
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pump 22 are connected to the microparticle 
generation chamber 19 as evacuation -based 
20. 

l\/loreover, while the try pump 23 for drying the 
interior of this microparticle generation chamber 
is connected, the mass-flow controller 24 is 
connected to the microparticle generation 
chamber 19. 



[0 0 15] 

D 3 0 i: . 

3 tt^ibms^^tix\^^^o 



[0015] 

The aerosol classification section 1 comprises 
an aerosol ' reception apparatus 30 which 
receives the aerosol which roughly divided and 
was generated in the microparticle generation 
section 2, and a microparticle classifier 3 which 
classifies a microparticle from the received 
aerosol. 



[0 0 16] 

31 T n yVv^iA^^ag^ 3 0 fi, 

±te^ 1 (7):nT p ://^mm^ 2 

8 omm^Wi^^ti^T n yVw 
M 5 {C^M^tv/c^-v y T;^ 

T P y/V5l3i?f|5 5 (CSI (9 ji^tl 

^c^T P //V^»^^«g 
3 -^[^ ft Ti^l^l" 5 ^ 2 CD^ T 

p^/vMte <td^ib«^$n 
isa 3 0 {im 2 l-ctj^-t 



[0016] 

Aerosol reception apparatus 30, it consists of 
the aerosol taking-in section 5 which receives 
the aerosol which was connected with the other 
end of said 1st aerosol conveyance pipe 28, 
and it supplied from the aerosol generation 
chamber 19, carrier gas piping 4 for which the 
one end was connected to the aerosol taking-in 
section 5, 2nd aerosol conveyance pipes 6 
which turn to the microparticle classifier 3 the 
aerosol which the one end was connected to 
the aerosol taking-in section 5 in the reverse 
side, and was received by the aerosol taking-in 
section 5, and supply it in the carrier gas piping 
4. 

As for this aerosol reception apparatus 30, as 
shown enlarging in FIG. 2, each part of the 
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ct 5 =^T^ yVi^^iipIJ 5 , aerosol incorporation section 5, the carrier gas 

^-t y T:ff:^^i^4^ Wi2(D:^ piping 4, and 2nd aerosol conveyance pipe 6 

Tny'/v^^^ Q(DWj^f}^^^'f consists of tubular-shape objects, compared 

ti-tW^tft^i^^^jli^^tbXio with the diameter of the carrier gas piping 4 and 

•9, ^-t y T:^f;^i£l=4fcJ;tJ? the aerosol conveyance pipe 6, the diameter of 

a:Tpy/wMjiW6<DE^{-lt the aerosol taking-in section 5 is set as the 

^Toy'/^:S^iZi^5coES small dimension. 

ifiA'^^f£.AWi\^WL'&^fiX^^ Moreover, the carrier gas inlet 8 is formed In the 

So ^fc, y T;^f^S£W4 other end of the carrier gas piping 4, from this 

(^fth,i^{c(4=^ y T:ffy^^^A P carrier gas inlet 8, carrier gas is fed towards the 

8 ;5^^tt htiy Z(D^-Y ]) T:ff direction of the aerosol taking-in section 5. 

;^2^AP 8 ;^^bfi=^-t y T;*f;^ Carrier gas has the role which turns to the 

^tm.Tti yVw^jX^ 5 (D'Jj^ia] microparticle classifier 3 the aerosol received by 

li'fXT^'Oiiit.ti^o ^-Y V T:ff the aerosol taking-in section 5, and conveys it. 

y^lit^T t2 y^/]^j^^^^5J(Z.'^V) In addition, the ionization chamber 7 which 

ii^ttfc^Tp ionizes aerosol is formed between the aerosol 

f&^W:3^\p]i1rXW^ir^^W\ reception apparatus 30 and the microparticle 

^^^Oo ^Tny/w^ii classifier 3. 

^ggs 0 mn^Mmms 

[0 0 17] [0017] 

^0^;^(Z)Jf^tlf^*5V^-C> In this Embodiment, the DIVIA microparticle 

^5>^S^g3 {-(iDiVlA^ifei^ classifier is adopted as the microparticle 

^«g;a^^^ffi$ti-Ci/^6o - classifier 3. 

(OW^l-^^^W^n.. This microparticle classifier 3 consists of a 

#^ir j'^Sfsj^Kt^^^Hfi 1 6 cylindrical outer-covering cylinder 16 used as 

h ^ 1 6 (OH%\z.WM. an apparatus main body, an inner-husk cylinder 

^tLfci^^R^ 1 5 15 arranged inside the outer-covering cylinder 

^fc|l2(D:3^ToyVv^illW6 16, and 2nd aerosol conveyance pipe 6 

<!:;^^^ti^$i^TV^'5o described previously. 

1 6 fi, Si^SrI^ (t^^pU : ^ The outer-covering cylinder 16 consists of the 

T D yVK75»f£ti-5;^[B]^;fy^|iI cylindrical body by which the base_end_part 

h L> (rear terminal part: make into the front or the 
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head the head of the direction where aerosol 
flows, and let a reverse direction be back), and 
the leading end part were opened wide, the 
sheathing gas introduction port 9 which reduced 
in the shape of a step difference from the 
outer-covering cylinder 16 is formed in the 
base_endj3art. 

Moreover, in the interior of the intermediate part 
of the longitudinal direction of the 
outer-covering cylinder 16. 
Path 31 is formed of the gap made between the 
outer-covering cylinder 16 and the inner-husk 
cylinder 15, sheathing gas output port 11 is 
formed in the head of this path 31 . 
Furthermore, the aerosol ejection slit 12 which 
forms by the detailed gap which connects the 
inside and outside of the outer-covering cylinder 
16 Is formed in two or more places of the side 
face of the longitudinal-direction intermediate 
part of the outer-covering cylinder 16. 



[0018] 

rtS^Rfi 1 5\^^^V]m 1 6 J; 

fHmm 1 5 gp^<^ 

±B^T p yVu^iZi^ ]) y hi 



[0018] 

The inner-husl< cylinder 15 consists of the 
cylindrical body which is caused outer-covering 
cylindrical 16 and has a small path, while the 
rear terminal part is sealed, the leading end part 
has the cap structure opened wide. 
Moreover, the aerosol taking-in slit 13 which 
forms by the detailed gap which connects path 
31 and the interior of the Inner-husk cylinder 15 
Is formed in two or more places of the side face 
of the front-end slippage part of the Inner-husk 
cylinder 15. 

Furthermore, the inner-husk cylinder 15 is 
connected to the aerosol extraction pipe 32 
prolonged from the aerosol taking-in slit 13 
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y/i^B^ttl^ 3 2 liZ.^f^^ti. Z above-mentioned part to the other side in the 

(DoiT p yVv^ffi^ 3 2 (D^i^ end part, the aerosol output port 10 from which 

{:ilit6^B.i^(O^T^y'ji^-i^W.'0 classification settled aerosol is taken out is 

tb^ti/'S^TP yVwSittSP 1 0 formed at the front end of this aerosol extraction 

«^$tl■r^^5o pipe 32. 



[0 0 19] 

^ 2 (75^T P y^/l^mm^ 6 it. 

o) (D^ll^t 6 a . 6 

6 a . 6 b (D^iffifi^ 

1 6 ommmi^^titL 

P yVnt|ii>!« V hi 2[C 



[0019] 

In microparticle classifier 3 part, 2nd aerosol 
conveyance pipe 6 is branched and turns into 
the branch pipes 6a and 6b of plurality (FIG. 1 
two), the front end of both the branch pipes 6a 
and 6b is connected to the aerosol ejection slit 
12 formed in the side face of the outer-covering 
cylinder 16 from the outer side. 



[0 0 2 0] 

i) J^>J/*/Wr^r?A (Ge) 
h 2 6 (C, U— if t — 

A (He) tl}£(D^ii:^-hl%m 

'j^mt. hwra. 



[0020] 

In this Embodiment, the ion * atom * cluster 
ablated from the surface of the solid target 26 
by carrying out condensing irradiation of the 
pulse-laser beam at the solid target 26 of 
high-purity semiconductors, such as silicone 
(Si) and germanium (Ge), (desorption * 
emission) is atomized by making it re-condense 
in the physical gaseous phase impregnated with 
noble gases, such as helium (He). 
The particle size distribution of the microparticle 
generated varies with a target material source, 
the irradiation conditions (wavelength, a pulse 
width, energy density) of a pulse-laser beam, a 
rare gas pressure, distance from a target * the 
directions, etc. at this time. 
A rare gas pressure has most major influence 
on particle size distribution. 
When Si is used as a semiconductor solid 
material and He is used as a noble gas, the 
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tl'^'h^o ^2Wf$^@^WI4<!: L- several nm to 10 nm in a particle size, even 

T S i ^ t LT H e maximum 50 nm so-called nano microparticle is 

V ^tzMa-. l|!ti^;^"^l3E;^5, 3 — formed in general by 3-20 Torr a gas pressure. 
2 OT o r r -C\ U^^^^nm 
d^bfCl 0 nm, M:kX-'h 5 0 



[00 2 11 

■r/mi'f- (litis nm-Cttl^ 

jt^i^mwmm^M^tifc s u s 
3 0 4^^^m^xm^^tix 

^-^■^^^^7°2 1 

1 0-^° Torr -^^it^L-C 
■7:x,yt2^=iy}-u — y 2 4$r 

He:^y^ 9 9. 9 9 9 

9%iJA±) ^2 0 0 s c c m(D 



[0021] 

The generation method of the nano 
microparticle in this Embodiment is further 
described concretely. 

Since the large nano microparticle (about 40 % 
becomes a surface exposure atom in the 
particle size of 5 nm) of a surface exposure 
atomic number of the microparticle generation 
chamber 19 is very sensitive to oxidation or an 
impurity contamination, it is constituted by 
ultra-high-vacuum con^espondence using the 
SUS304 alloy to which the electrical-field 
sanding was given. 

The elegance corresponding to a ultra-high 
vacuum to which 200-degree-C baking is made 
also as for each valve * flange connected is 
used. 

This microparticle generation chamber 19, by 
exhausting a main process pump and a rotary 
pump 22 for a turbo-molecular pump 21 as a 
backing pump, the 10'^° Torr base is attained as 
an attainment degree of vacuum. 
At the time of nano microparticle generation. He 
gas for high-purity semiconductor processes 
(purity of 99.9999 % or more) is introduced with 
the constant flow of 200 seem through the 
mass-flow controller 24. 

The mass-flow controller 24 and He gas 
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Sfi^^fiE P^^V-- KOf^Mi^ transduction pipe line for high-purity 

Ml^-m^^^LX^^^o ^(DM semiconductor processes are using the 

^fi. ^--7j<5>T-^>'y^2 1 "C elegance corresponding to a high purity of EP 

iif£<. Vy^yf^yy2 3{z.X grade. 

9 ^ttj^^M1"S :it\^X^ , — In this case, fixed He atmosphere pressure 10.0 

'^(DH e #I1^EE 10. 0 T o Torr is maintained the differential exhaust not 

r r ^^oTV^So with the turbo molecular pump 21 but with the 

dry pump 23. 

[0 0 2 2] [0022] 

±i^(D^f±H e #|ffl^{:: joV^ In the above-mentioned pressure-reduction He 

Wi^iL^^f^^l 9 atmosphere, it installs in the microparticle 

tls 8 r pm ([h1$c/5» <Df^ generation chamber 19, at the solid target 26 

which autorotates with the angular velocity of 8 

y h 2 6 (c, if t"— rpm (rev/min.), an ablation is caused in the 

M^^^^W:(DU—^^^A^s2 surface of the solid target 26 by carrying out 

5 ^ii LTH^RSIti'S ^ t condensing irradiation of the pulse-laser beam 

S^^^^^y h 2 6 (DM^ through the laser-beam transduction window 25 

(c*5 1 ^T T :/ 3 ;i made from quartz. 

-to :i:iX\ >5^>;/ h 2 Here, as a solid target 26, the high-purity Si 

6 t LT(4rft^»fiS Si W^m^ single-crystal base plate (surface-orientation 
U i^Jfiit (10 0) . it^iii (100). specific-resistance 10(OMEGA) *cm) 
ICQ- cm) ^i^ffl b/co ^^/^ was used. 

ix— if If — A(7)ft)t0S|^ ^ As condensing irradiation of a pulse-laser 

Tii^ Q — ;^-i' .y^Nd : YA beam, condensing irradiation of the 2nd 

Gl^— ifcD||2SP^ : harmonic (wavelength: 532 nm, 

5 3 2 nm, /n/I/;^ rc^.yi^:^;^ pulse-energy: 10m J, pulse-width :40ns, 

— : 1 0 m J > : 4 0 repeating frequency: lOHz) of Q-switch Nd:YAG 

n s, ^'9iSbi^^^^ : 1 OH laser is carried out so that it may become 

z ) ^W^^^^y h 2 6 CO lOJ/cm^ energy density on the surface of the 

^E±T* 1 0 J / c <?5ai^ solid target 26. 

[0 0 2 3] [0023] 

lafl^^— y :y h 2 6 (D^Mt^h Si source (ion * atom * cluster) which it ablated 
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T7V-h (M-tttU) ^ti from the surface of the solid target 26 

tcS iM ' • ^ y (desorption * emission) dissipating the original 

{i> #[SMH e (Dj^.^t emission kinetic energy to atmosphere He gas 

Wi^^B^^^i'^tKX^'^^]] by repeating the impact with the atom of 

<7)lttt4jlf!)^^-/i^=¥— ^#lffl^ Atmosphere He, it is that association of Si 

H e ;*f;^^t5:i&boo, S iS sources is promoted and takes place, the 

if 0 L(D^'B't^S:M^tl^^ t condensation. I.e., the nano microparticle 

"C^ ^Mtif]%^^X'<DM^ir^j: generation, in a physical gaseous phase. 

t>hi'/'M^±f^^^^^^ At this time, the particle size distribution of the 

^f^^ti^i' yW^^ nano microparticle generated varies with a 

^60|4fl5>^(i> y target material source, the irradiation conditions 

^^/i^^ \^—^\f~J^(DW< (wavelength, a pulse width, energy density) of a 

^^\^ ^^/i-^ifrs, pulse-laser beam, distance from a target * the 

/i^^— ^iS), y y Yt^h(D direction and atmosphere noble-gas pressure, 

Kgii • ^f^. mm^^l^:^]^^] etc. 

[0 0 2 4] [0024] 

J|§A^:J->^(cftt>:'^#^cfl^#^-%- An atmosphere noble-gas pressure has most 

^^o:>\tW^%.^^ ^W.ti'^h major influence on particle size distribution. 

So ^iX/5^'fc5^{il^TlHlS <t If less than a threshold-value with this, the nano 

'kM\'^%^X(D^ JW^^^^^ microparticle generation by the gaseous phase 

fi^c^^tL(^< < ^ ^ IttUS i will no longer be made rapidly, it comes to 

fi(D:i^H^fil#^^^±'^r^^M condense most emission Si sources as an 

S i WBzii V.XW^^^ ct 5 amorphous Si thin film on the deposition base 

f^^o ^(Dmmt. m^h\.X plate. 

S i iHe^>^l/\ if(t L This threshold-value is in 3 to 5 Torr in the 

X^^)\^7s^i)^%J^^^%^-Yn s (D vicinity 

Q — y^i^— if ^ffiv^TtJir in the case using the Q switched laser of 

3-5Torr #i£{cfoSo several to several 10ns pulse width as a laser, 

%fz.. W^%M1^:^W^M^^<D using Si and He as a material. 
m%^myLX%<fl^'^^^ 

> ^ J (!f 5 Moreover, if an atmosphere noble-gas pressure 

^N^tc:^^ Lf±S \l2 becomes higher too much exceeding this 

0 n m;iy.±cD^^^:^^^ii^g$ threshold-value, aggregation of nano 

/c*9x ^ hX^^'iCX^hip^y' Y (O microparticles will begin to produce rapidly, 
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apparant 20 nm or more of a microparticle is 
generated. 

Many things wtiich tliese aggregated in the 
shape of grape fringe can further see now. 
This is for the space density of an emission Si 
■Cftttl S i U(D^f^si^&t^±i)^ source to go up by the lock-in effect (the lock-in 
'9i©^*5fcit)'Cfc5o effect of a plume) by the atmosphere noble gas 

of an emission Si source becoming remarkable 
too much. 



[0 0 2 5] 

1 0. 0 T o r r ^IS^ 

Lfco mi^^-^^y h 2 

6 «® h <Dmm^^^ <ts:^ic 

h 2 e mM<D^^W.± 3 . 0 
cm n yjUUM P 2 7 ^ 

m-f. nmx±f^i.tzi- y Win 

r^T'ilX^^nfcS i 
y t H e ;^ 



[0025] 

So, in this Embodiment, 10.0 Torr was set up as 
atmosphere He pressure low as possible when 
nano microparticle generation takes place. 
Moreover, even if the distance from the solid 
target 26 surface takes for getting long, there is 
an inclination for the growth of a microparticle to 
be promoted. 

Therefore, in this Embodiment, the aerosol 
collection mouth 27 is fonned in 3.0 cm on the 
perpendicularity of the solid target 26 surface, 
and the nano microparticle generated by the 
gaseous phase is drawn out as aerosol with 
atmosphere He gas. 

Large drop-ization by unnecessary aggregation 
is suppressed by making a kinetic energy 
dissipate and piling up in a gaseous phase by 
that cause. 

The aerosol which contains Si nano 
microparticle collected here and makes He gas 
medium gas passes along the aerosol 
conveyance pipe 28, and flows in it in the 
aerosol taking-in section 5 of the aerosol 
classification section 1. 



[0 0 2 6] 



[0026] 
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:^MM(DMM(DDMAWi^^^A In the DMA microparticle classifier 3 of this 

fS^fiSTti^ :x.Tt2 y/i^^^ Embodiment, the total pressure of the aerosol 

^\^2(D'i%J±{z.lt^LX , :^Tti taking-in section 5 constituted at the aerosol 

:/Vv5->/fSp|5 1 Ml^Mf^^titz:^ classification section 1 side is set up equally or 

T D y/u^72^^ 5 co|^sJE;i\ [p| highly compared with the total pressure of the 

^fc5VSiift<iS:^^:}xTV^ aerosol generation section 2. 

5o :L(D^f^X\ DMA^3|&^ With this composition, in order to receive 

^^^y^^gS CiJ^Tn y/V^ffil*9 aerosol to the DMA microparticle classifier 3, 

i^tpfcfed. 3^Tn y'/vStiipB the static pressure of the aerosol taking-in 

5\c^^ V T:ff:^^i^'^^j:M^ section 5 is lowered by considering as the 

Xil^i'Wi&tir^ Z tKX^ , structure of passing carrier gas by the major 

oiT n yVi^^jAg^ 5 (Dn^J±^T flow rate in the aerosol taking-in section 5. 

ifTV^^o ^ti\^X^^ oiTp Thereby, if the static pressure of the aerosol 

yVv^jA^ 5 (D^J±^:^T n ^ taking-in section 5 can be lowered than the total 

j\^^^^^i$.(D'i^.f±X ^ Tff 5 :i pressure of an aerosol production range, as a 

t-^^^X^tilTi^^&t total pressure, aerosol can be introduced into 

t^h S V ^{±{g;V >a:T P y'/v^^ the DMA microparticle classifier 3 interior which 
Uf£ t LX is equivalent or has a high value from an 

feSV^fiffivMiS^t^oDMA^ aerosol production range equivalent or low as a 

B'T'^M^WS^^m^. ^TP total pressure. 

So 

[0 0 2 71 [0027] 

±j^c7)ti^tw J: oT. S i Above-mentioned composition demonstrates a 

W^^^ tHe ^%%1S:^t}^ ^fi:^ little the mechanism in which the aerosol which 

:xTpyVi^;6\ ^TpyVi^iSiH is made of a Si nano microparticle and He 

1^2 8^3101:. oiTpyVv^^ medium gas passes along the aerosol 

1 (?53iT p Vjv^^'^ 5 conveyance pipe 28, and flows in the aerosol 

i^fLAi"S^ti?r^ :^Tny^;vM taking-in section 5 of the aerosol classification 

ii^fP 5 j^322(^&:^El (IEI2) §r section 1, in detail using the expanded view 

ffl V^T^Tf¥ b < So (FIG. 2) of aerosol taking-in section 5 periphery. 

[0 0 2 8] [0028] 

^^rcTp y;V;ei^aiTP y/vi^ In order to design conditions so that object 

ii^W2 8^iioT^ ocTpyVw aerosol may pass along the aerosol 
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1 (D^T n yVv^3A^ 5 conveyance pipe 28 and may be introduced into 

{3:?^A^tL5 J: the aerosol taking-in section 5 of the aerosol 

^^fz^\cit, ^>EE {pop t'f' classification section 1, it is necessary to 

5) S^^T-^^^ 1 9^1/ analyze hydrodynamically the inflow situation 

j:Tp //i^iSi^W 2 8;5^f>, from the microparticle generation chamber 19 

JE (pt tir^) fl^^Tti^/ju made into total-pressure (pop, and the aerosol 

^7^^ 5 ^(D^AV^N^^ilMi^tl conveyance pipe 28 to the aerosol taking-in 

^ W {^M^'t 6 fo S o HI section 5 made into static-pressure (pt . 

2 J: 0 {C, As shown in FIG. 2, the essential flow rate in the 

1 9 ©F^^{;i jott interior of the microparticle generation chamber 

{ijtelJ-T^ ^ znT n y /l^:&iAp|5 19 can be disregarded, and supposes that there 

5 F^^'Cfi, ( qt t'f'^) is a laminar flow made into flow-rate (qt in the 

^^/ii)it;^^fe5 t LTV ^ So :i aerosol taking-in section 5 interior. 

T— llx^^^ MW<Dt^!£ p, '^ij± Generally between the static pressure p of a 

Po ^ ^S. p ^ ilMM q (Df^izit medium, total-pressure po, a density (rho), and 

'd^i$t}^o:>^j\^^—4 (D'^Mt^ the flow velocity q, the relationship expressed 

b^ (1) with the following first formula consists of the 

5 M#>^^^S; ^9 ilo T V ^ 5o theorem of Bernoulli of hydrodynamics here. 

mi] [EQUATION 1] 



• • • • (1) ****(1). 

[0 0 2 9] [0029] 

^^'^ Tpj t^WiU^^f^ Henceforth, a subscript "p" shall show the 

^1 9(Di^^^, ^x.^ rtj -^^ interior of the microparticle generation chamber 

jlT d y'/w^iA^ 5 (Df^^^Tjk 19, and a subscript "t" shall show the interior of 

tir^o :Lti<i^M.W-^^ the aerosol taking-in section 5. 

Si)fra&^<^?W^;f)P*-f ?)i<bic By seasoning this with a 

J; 19 ^ p y'/Wft^js^^ 2 8 kinetic-theory-of-gases-analysis, a square of 
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b^T n y/vSfjZspH^ 5 -^cT^JjfEA inflow speed qp from the aerosol conveyance 
3§itqpC0 2^^, ^co^ (2) pipe 28 to the aerosol taking-ln section 5 can be 
^'C^^'f 5 ^ t ;J^'C# So expressed by the following second formula. 

[^2] [EQUATION 2] 



2y _P. 
7-1 "P^ 



r 0 t 



1- 



2 V Cf-I)/^ 



.... (2) ****(2). 

[0 0 3 0] [00301 

r. 7 {±^K;*f ;^ (T^tbiftJt "C (gamma) is decided by the ratio of specific beat 

^|^^^(0^jg{Cct oXi^^S of medium gas according to the structure of a 

h<DVh^o At {T jx^diV) gas molecule here. 

e }£(D^137^ In noble gases (monoatomic gas), such as Ar 

W) %W^<r)W^\'^i^ b'f (argon) and He, it is not based on a gaseous 

1 6 6 7 TfcSo kind but is 1667. 

^^^)7il7.}i\.X. In this Embodiment, Ar of 25 Torr of total 

j±25TorrC7:)Ar^, WMl pressures is adopted as carrier gas, as aerosol 

^•^^^1 9iflJco^TP yVi^i^ medium gas by the side of the microparticle 

t LT. 1 0 T o r generation chamber 19, He of 10 Torr of total 

r OH e ^g^ffl LTV^So pressures is adopted. 

IS;^fc:ioV^Tfi. aLfw/jx^^ in this setup, if flow-rate qt in the aerosol 

i^^5l:(7)?J^31qt 2 6 Om taking-in section 5 reaches 260 m/s, the inflow 

/ s }c:PJjSi"5 , oiTnyVi^ to the aerosol taking-in section 5 from the 

2 8 b^T p y Vv^iA aerosol conveyance pipe 28 can be performed. 

% 5 ^(D^fkX'h^'^^hi'l^ o ^ Moreover, there is an upper limit in flow-rate qt 

/c, :xT n yVi^^jiApB 5 'T?(Z)»iC in the aerosol taking-in section 5. 

iiqt {-«±PS^^fooT.^(Dfil The value is 336 m/s. 

3 3 6 m/ s Xh^o ^/c> Moreover, there is an upper limit also in inflow 
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flow-rate qp from the aerosol conveyance pipe 
28 to the aerosol taking-ln section 5. 
The value is 1680 m/s. 

In addition, the flow-rate upper limit of said 2 
kind is not based on a pressure setup, but is 
decided only by the gas kind (molecular weight, 
molecular structure) and temperature. 
It Is acoustic velocity surely. 



[0 0 3 1 1 

m2) t-hm^. 

p 5 X'(dU^M q t ^ 

P Ot> P p I P Op 

^<^^:^^ («1) 



[0031] 

Furthermore, other each setting parameter it is 
proved that it is that pt falls and the capture of 
aerosol can be effectively promoted by raising 
flow-velocity qt in the aerosol taking-in section 
5 in particular from (Equation 2) : 
(rho),,Pot,(rho)p,andpop 
The effect exerted on Inflow flow-velocity qp 
can be drawn. 

The result Is summarized in (Table 1). 



llSl] 



[TABLE 1] 









Pi 




•Pd 











The carrier gas flow velocity 
Carrier gas density 
Carrier gas total pressure 
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Aerosol medium gas density 
Aerosol medium gas total pressure 

[0 0 3 2] [0032] 

^^^MoMM'Vit. ^^V7:ff In this Embodiment, the rate of flow of carrier 

7^Ai(DitMM^2. 0 l/m i gas Ar is set up with 2.0 l/min (standard 

n (WM'^km) tm'&LXi^^^o condition). 

:3iT p y/i^cD© V 7^^\cio\/^X In the capture of aerosol, it is so advantageous 

{i> m^<D^o\^^(D^Mt^^^ that there are many these rate of flows as 

VMScif^^iJ-efeS^i^ W^i^^ mentioned above. 

J: 9 }'^> ±(f T 0 t However, it is because classification 

l/'—T^i^T^ ir c7)l:b^/5^±/5^S CI degradation ability will fall because a ratio with 

h X^ 5>fS5^^?t^^Mfi;T LT L sheathing gas increases if it raises not much so 

^it^hXhho ^Tp yVi^^ that it may mention later. 

iA^ 5 djoV^T. ( 2 . In the aerosol taking-in section 5, if it sets up so 

0 I/mi n) ^^cO»iEiiqt -h that this rate of flow (2.0 l/min) may be attained 

PfiJiS 3 3 6 m/ %(n>^0%X at 80 % with a previous flow-velocity qt upper 

3iJ^1"6 ct 9 WC^^^ <t > limit speed of 336 m/s, what the diameter of the 

n y Vv^ii^P 5 (D^fi, 2 . 5 aerosol taking-in section 5 should consider as 

mm (ir ^ i: ;6^^;ii^ti5o 2.5 mm will be drawn. 

^^^) Ti3%^^ ^ t LTfi^ As carrier gas piping 4, since 1 / 4 inch piping of 

^ y ^>^i^;5^iftv^E P W^7)A^ internal diameter 4.3 mm are used from the 

W^'^W<^^^y "^"^ ease of acquiring of EP pipe with the high 

^ y;^^^l^cDi^^^^t4;0^b^ rtfS degree of cleanness, and the necessity for 

4 . 3 mm(D 1 / 4 ^'^MBV conductance ensuring of the whole piping, as 

^i^ffl LTV>5/cfe, oiT p shown in FIG. 2 in the aerosol taking-in section 

J^^^^hul 5 "CfilSl 2 }C7j^i" J; 9 5, necking structure has been taken. 

(c< t/ti>#ia$r <?: oTV^2)o ^ Here, if carrier gas flow-velocity qt in the 

::-e, a^yu yVw^ii^ 5 X(r> aerosol taking-in section 5 is set up with 80 % 

=^<Y y T a :^^M.^Ol\ ^±PSi£ with an upper limit speed of 336 m/s, inflow 

3 3 6m/s 0 8 0%(Jr^:^ flow-velocity qp in the limit range from the 

y/^a^i2^^2 8 aerosol conveyance pipe 28 to the aerosol 

i^^^:x.Txi Vjv^^hM 5 ^CO:^ taking-in section 5 will become 338 m/s, and it 

^^^i^T ^0»itAJ)iE3S q p (i> 3 will ensure practically sufficient value. 
3 8 m/ s «9 ^ffl±^i5>7^c^ 
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[0 0 3 3] [0033] 

±y!0^tfi:\ ^TtJ^/u^yB, The aerosol transduced into the aerosol 

^1(D 0 h^T ti y Vi^®LiAp|5 5 taking-in section 5 among the aerosol 

{ci^A^ttfc^Tn ^ classification sections 1 by the 

^S^HfiS i ^ yW)^^tH e above-mentioned mechanism consisted of a Si 

^KR:*^^/5^bt#^^ttTV^fc nano microparticle and He medium gas at the 

^^-^ y T;<f J^^^AP 8 beginning of generation, 

^A^tlS^^-Y y Tj^f^^'CfeS However, since it mixes with the argon (Ar) 

T/^^^y (Ar) irfl^^tLS which is carrier gas introduced from the carrier 

/cfc^ $^S^^/i'^Ar+ He(D gas inlet 8, medium gas becomes aerosol which 
ifl^ji^^^'CfeS^TP y 7i/(!r is the mixed gas of Ar+He, and begins to be 

oX> DMA^^K^^^T^X^M^ conveyed toward DMA microparticle classifier 

lz\^i^-:>X^i^^tii^i^ main-body 3. 

5o ^^^^ ^ 7 ^iiiii Next, Si nano microparticle electrically charges 

i^^^.\^f^^\^^W:^titz.McM according to the radiation which the 

^^itii^r ?^ y >^!>i^ (^"^^ A radioisotope americium (^^^Am) installed in the 

m) (7)^i"5^lt^{^ct *9 X S interior emits when passing an ionization 

ii-yn^^iti^^^M^^o ^(O chamber?. 

^^(D^%M\t^ J W^^<^^ The charge rate at this time is dependent on the 

f5<t n 6 rt^cD particle size of a nano microparticle, and the 

]±t] (±{-liI±) pressure (mainly total pressure) of the aerosol 

'^%'^(Oj(>%r<:\^^^ 5 n vcv(D conveyance pipe 6 interior. 

S i $^^T*(^>^LT. 7^ 1 However, in this Embodiment, it can electrically 

0'^ co^T^ 1 fffitc^^S't'S h charge monovalent by approximately 10"^ rate 

t^X^^ (/±;^ 1 0 — 1 0 0 T to Si nano microparticle with a particle size of 5 

o r r ^^.;£)o nm (pressure 10-100 Torr was assumed). 

[0 0 3 4] [0034] 

p y /viSi^^ 6 fiDMA^S Before flowing in the aerosol conveyance pipe 6 

3 d^AI"^ to DMA microparticle classifier main-body 3, it is 

m\^s ^f^^cfJf^'C 2 ^Sc(c5>it^ branched to two lines in a symmetrical form. 

^tbSo DMA^3|S-T*5>IS:^M DMA microparticle classifier main-body 3 is the 

:^|$:3(i. 2SRf^^5>ff^DM mode of double cylindrical differential type 

Km^^-^h^o ^^\mL-'i^ DMA. 

tcMEE^ti/irt^Rtti 1 5 (ti^l^ This is constituted on the basis of the 
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^Rt^ 1 6 ^^^l^^f^^tiX inner-husk cylinder 15 and the outer-covering 

V^^o 2^^{z^t^^infz.:^T cylinder 16 which have been arranged in the 

nyV^j)fei^W6(±, 2fiRt^ti shape of concentric. 

i^(D^}B^^b^\^)^W^j:M'^ The aerosol conveyance pipe 6 which branched 

DMAWiML^^^&^&W^i^ to two lines is a shape symmetrical to the 

3\z.^^^tiX\/^^o^^i^i^s common center axis of double cylindrical 

DMA»i^5->?KiSe*<*:3{c structure, and is connected to DMA 

fi, ^ A P 9 > ^Bc microparticle classifier main-body 3. 

^jz^jcTn y/i-^ttSP 10, In addition, the sheathing gas introduction port 

— j^j^tfy^^ttiP 1 1 t^^M^^fi 9, classification completed aerosol output port 
TV^^o ^^"Tr. v-— 10, and sheathing gas output port 11 are 

(±iPll{i, ^Tti^/uM-i^^ connected to DMA microparticle classifier 

6 tmm^. 2SRf^t#3^c7)it main-body 3. 

M^^-'^KM^'^JiM'^X^^^^ Here, sheathing gas output port 11 is connected 

tiX\/^6o in the shape symmetrical to the common center 

axis of double cylindrical structure like the 

aerosol conveyance pipe 6. 

[0 0 3 5] [0035] 

r:iT% DMA$^)^i^^®ygg Here, the outline of an operation of DMA 

::^i^3 (DW}i^<DWi^^Wi^Mi^ microparticle classifier main-body 3 is 

5o i^—:^0:^^^Al^ 9 demonstrated. 

cfc *9 , iy—:^:^:^ t LT A r First, Ar gas is transduced by the rate of flow of 

2 0 \/m i n(DiiMMX 20 l/min as sheathing gas from the sheathing 

^ A ^ 5 o ^ ^ :^Arii gas introduction port 9. 

7^/1^^ — >^:3. 1 4 This sheathing Ar gas, the filter mesh 14 is 

^^LT> i^^Vl^l Q intervened and it flows in to the space 

1 5 b(O^W\ (thbecomess the classification region 29 in a 

X(0'^j^W(MM 2 9\cti,^) narrow sense) of the outer-covering cylinder 16 

At*S t X\ ji^WL^M 2 9 -T? and the inner-husk cylinder 15. 

{4g!):^^(c:S?5ft tfi:^^tt^X Then in the classification region 29, it becomes 

^ J)i£Ai"6 i/^:^ A r ;y ;^ a laminar flow effectively. 

lci{5tcf^ L V ^»itfi;i\ ^:ff A rate of flow almost equivalent to the sheathing 

x^tiSp 1 1 fj^hi^M/ :^ Ar gas which flows In is discharged with the 

/i^y'--:^^ --yi^^zf-A^^W^^ti rotary pump to which the large-sized 

Ttn — ^ y --7i^y:/{cJ: ^9#tU mechanical boster pump was connected from 
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^ttSo ffiK:^'^f4^ A sheathing gas output port 11. 

r + H e © fl-o^ ;^ b ^ o On the other hand, medium gas consists of the 

T:}o«9. S ii^/WiU^'k^^ mixed gas of Ar+He, from the aerosol 

^oiT n yVu(iDMA^3^T* conveyance pipe 6 which branched in the 

^BL^^M^i^ 3(D2 MRMtiia shape symmetrical to the common center axis 

(D^jB^^b^\::M^-ti:B'^\^'^ of the double cylindrical structure of DMA 

t^Ltc^ p y/i^iSim^ 6 -d^ microparticle classifier main-body 3, the aerosol 

(bs ^Tn )/yUPtttJ^ y y hi which contains Si nano microparticle passes 

2^iioT. ^^^i$,2 9izM along the aerosol ejection slit 12, and is 

A ^ 6 o transduced into the classification range 29. 

[0 0 3 6] [0036] 

5>?^XMt^2 9 -efi, F^^Hf^ 1 In the classification region 29, the electrostatic 

5 *9 ott bti/cIEl^ field radial on a common centre axis is 

^Mf±M^l7t. ^^RM 1 impressed by the positive-plate high-voltage 

e (Dp^m^^^^ (btitc^i& electrode 17 stuck on the outer wall of the 

1 8 {ci ^9 ^ ^il^^'L^tttii inner-husk cylinder 15, and the earth electrode 

;^lhft>tc^#tt#^fP:?JP^tiTV^ 18 stuck on the inner wall of the outer-shell 

§^ oiTP ttj>^ V y hi cylinder 16. 

2 ;6^b:7>iSS:M^2 9 {d^A^ti Si nano microparticle which was transduced 

fd^Si^ti/TV^T^^V^ S ii-yWi into the classification range 29 from the aerosol 

^T-f±> W^MV\<Di^^^:ff^<^ ejection slit 12 and which it does not electrically 

J)ftix{^^oT> :3^T n yVi/P^Hj charge rides the flow of laminar flow-like 

::^]) y h 1 2^^hiy^^:ff^^ sheathing gas, and is conveyed from the 

tUP 1 1(D^\^ (taiO^-Cfi aerosol ejection slit 12 in the direction of 

\^M^^ti. i/'-Ts sheathinggasoutputport 11 (fromthelefttothe 

1S7.'^\^U\ l'h^^W\^^f\^ right [ The inside of FIG. 1 ]), it discharges from 

So ^ ^^it^^T \^X^^^fi sheathing gas output port 11. 

;^cS i ^y^^^(i5>^^^2 Si nano microparticle which it electrically 

9tc:?10^^tufc^«,^}cJ: charged by the ionization chamber 7 is 

^ir^o S deflected by the electrostatic field formed in the 

i ^jm^Ll-lt. I^^niii 1 5 classification range 29. 

(D\%K^\^'^'thtis — p|5fl^ Si nano microparticle which especially negative 

yVu-^i^y^ y :y h 1 3 electrically charged can be drawn near to the 

n^jv^l^u 1 inner-husk cylinder 15 side, one part can be 

Oi)^h^^\i^\'t^tt^X'^^o taken out from classification settled aerosol 
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output port 10 passing through the aerosol 
taking-in slit 13. 



^M^^2 9X^(D^WMMl^(D Theoretically, the tracing of the charge fine 



[0 0 3 7] [0037] 

$^lf^f4x WM^Kii^ I^MWi^f^- particle in the classification region 29 is decided 

^(Diy'—:^:^ 7^^X(D^W}&^ by the mobility in the inside of the sheath gas of 

v^— ;^:^;^{<ict Sl^:;^fp]i5illii a charge fine particle, the lateral-direction 

Mi^^M conveyance velocity by sheath gas, 

(5>^S:SL. F^^Rfti^Ri . electrostatic-field intensity distribution, the 

^^Rt^^Rz) geometrical shape (classification length L, 

^$ti5o M^^(DW}i^y^y diameter of an inner-husk cylinder Ri , and 

^ i: LT> v^— (DMM • diameter of an outer-shell cylinder R2 ), etc. 

'MM. ^MWL^^<^i^'^ ^ • fffi As an actual parameter of operation, the kind * 

<i: ;6^$/Lg(F^^:^ LTV ^ So rate of flow of sheathing gas, the size * valence 

Ztih(Dy<y of an electric-charge microparticle, etc. 

'^ir^^ti^^^. ^^(D-m^ determine the tracing. 

(DWiML^^^B^'^^Ttiy/u^ By setting up these parameters appropriately, 

ttS P 1 0 ;5^bttttS'^5 ^ t the microparticle of a specific particle size can 

# 5o ^ti:t>h^yB.^^i' 5 ^ i: be extracted from classification settled aerosol 

^'^^mtfl^o mnit. It^f^ output port 10. 

MWM)^ t Mi^^MV\(^^'^\^ That is, a classification can be performed. 

J: ^ > Usually, in a certain range, the desired particle 

:^LTfc#. Wlkl^^M^^^^ sizes after classification can be chosen by 

{y y h&Otii^^y^-^'^t b determining the central value of the particle size 

X) ^M^ir^^ tX\ after classification, and finally adjusting 

^xnHMO^M'^U^^M^ electrostatic-field strength by setup of 

:itt^X'^^o lateral-direction conveyance speed and a 

geometrical shape, (as a parameter like a soft). 

[0 0 3 8] [0038] 

^(D^O'^rt&^S.^'^^ Actually, the sharpness of classification in this 

WPSO:^ y y hf|jg, l/—7sil7^ case will have limited particle-size-distribution 

'^\z,^\^'^^ J W^tL^ (Dzfy width also even for after classification under the 

:x^t$:cD^#(c: cfc «9 > "j^Wikh influence of brown diffusion of the nano 

^pgcD3Kt11^:ffittjg:§rJ^o:: i: microparticle in a limited slit width and 
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fl^o sheathing gas. 

^^^i^^W^t LX> L : 2 In this Embodiment, as a classification region 

0mm, Ri: 2 5mm, R2: geometrical shape, 1:20 mm and Ri : 25 

3 5 mm , i: LT. mm and R2 : 35 mm, as sheath gas, Ar gas is 

A r i^Ts-^ 2 0 l/m i n , f |1 made into 20 l/min and an applied voltage is 

M^B.'k 1 -2 0 0 V(D%W^ made as variable in 1-200V, making into object 

- 1 ttlc^^HLfc S Si nano fine particle which electrically charged 

i'i' JW^^^^'^h'f^Z.h to -1 value|valence can determine a 

"T?. Jfei^"t»'WiSSr 5 — 1 Onm particle-size central value as desired in the 

(DtSH'Cfiiti-i^^'e^. range of 5-10 nm, it implements that the 

\k<oWi^^7i^%.\WM^^1^^ particle-size-d istribution geometry standard 

1 . 2 LX V ^ 2)o deviation after classification is 1 .2. 

[0 0 3 9] [0039] 

::X\ h. UX a r Here, Argas is used as sheath gas because the 

;</^?r>^v^5C0{4, HeOl. resolving power of a classification can be 

6 8{§(D:$)'T'^a, |RjC<l. improved also by the same rate of flow, since it 

1 3 (7)3^^14$ /X ^l^^fz^^ has a 1.68 times as many molecular diameter 

W\^MMX-h^B(D^M^^\^ (Sigma) as He and 1.13 times the viscosity of 

±^'^^ Z ta^X-^ ^'/)^^X-h this (micron) as He. 

5o ^:ff:^(D^XliM: And in a noble gas, it is the cheapest. 

h^i^Xh^o 2mF]W]WM^ In a double cylindrical differential type DMA 

DMA^T^^^Mf^i^V^Ttt^ classifier, classification degradation ability can 

— y^;^fy^605>^fS a &I/3|^£t4^ be improved very effectively by setting up 

M <ix;£1"S^ t\^^ greatly the molecular diameter (sigma) and 

0 > '^B'^M^'kU^X^^M^ viscosity micron of sheath gas. 

^ (ir/S^T^ 5o ^ti The relation of the following third formula 

{±. 2MFlWiWA'!f^DMAW^ expressing a square of the relative full width at 

half maximum FWHM of the particle size 

zcTu^/zi^ (Wi^^ tMiK:^^ distribution after classification obtained by 
;^ : =^-^ y T;^;^ i: v"— analyzing the behavior of the aerosol (a 

<D^W}^. :^|$:5>^31tjj]f^}cS microparticle and medium gas: carrier gas and 

y'y ^y^WC^M.t LTfi? sheathing gas) in the classification range of a 

tIf-fS:: (bt^ct double cylindrical differential type DMA 

^Xf^{c:iott5^ifl^^cot@>t^^ microparticle classifier as a brown diffusion 

ffit^itSFWHMco 2^^^^i" phenomenon based on a kinetic theory of gases 
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(3) S;coM^TtT'l5i can demonstrate this. 



iC 3 ] [EQUATION 3] 



FWHM' =const. x 
b = 



A£ • • Q ♦ P • de 



L 



Ra -Ri . const. = 2. 7 8 4 



(3) 



*(3). 



[0 0 4 0] 

FWHM 

-efc5<!r L, m (3) ^^ffiffl 
oism^ (^2) {c^t^Xis 



[0040] 

Classification degradation ability presupposes 
that it is a thing proportional to the inverse of the 
relative full width at half maximum FWHM, by 
using formula (3), the dependence to the 
classification degradation ability of classification 
operation parameters, such as sheath 
gas-flow-rate Q, the classification working 
pressure p, and the classification operating 
temperature T, other than the molecular 
diameter (sigma) of sheath gas and a viscosity 
micron can be drawn. 
This result is summarized in (Table 2). 
K is a Boltzmann's constant. 



11^2] 



[TABLE 2] 
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Wi^Zti p 

















Sheath gas flow rate 
Working pressure 

The diameter of a sheath gas molecule 
The particle size of a fine particle 
Operating temperature 
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S i -r/miL^^f^^^OH e ;y" 
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[0041] 

In this Embodiment 

Apart from light He gas required at the time of Si 
nano fine-particle generation, using Ar gas 
heavy as sheath gas has the intent made to 
improve classification degradation ability by 
taking a large molecular diameter (sigma). 
Moreover, you also set up sheathing 
gas-flow-rate Q as greatly as possible, and it is 
making it contribute to a classification resolution 
enhancement. 

Since He gas pressure at the time of Si nano 
fine-particle generation is low (10.0 Torr), the 
classification working pressure p is not made 
highly recklessly. 

That is, the mechanism of the aerosol taking-in 
section 5 limits. 

Furthermore, it is an operating temperature. 
However, it is effective in a classification 
resolution enhancement to set this up low. 
However, major cost starts cooling the whole 
apparatus actually. 
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Therefore, it is considering as the 

room-temperature operation. 

Finally, it is particle-size dp of an object 

microparticle. 

However, it is in the trend for classification 
degradation ability to fall as thbecomess 
smaller. 

A careful caution is needed for design of the 
DMA classifier which mal<es object a several 
nm, in particular 5 nm or less nano fine particle. 



[0 0 4 2] 
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.Tny>^#A • 'Mir 



[ADVANTAGE of the Invention] 

As mentioned above, according to this 
invention, in the DI\1A type classifier of the 
system which introduces this from the aerosol 
production region to a classifier using pressure 
difference, aerosol can be introduced * 
classified inside the classifier which has a value 
equivalent or high as a total pressure from the 
aerosol production region equivalent or low as a 
total pressure. 

Here, the aerosol capture section comprised at 
the classifier side is having piping structure 
where specific carrier gas flows, and it set up 
more thinly than the path of piping before and 
after. 

Thereby, it mal<es it possible to lower more 
effectively the static pressure of the classifier 
side aerosol capture section. 



[0 0 4 3] [0043] 

^fc^ :x.r p yVw|§^M^(^*3 Moreover, the medium gas of a different kind 
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?)^5K>y'^@<t M^c^o/cfiH from the medium gas source in the aerosol 

<D^%%iS7s^ l^tdoiT n y/v^ production region and medium gas with larger 

^WX. ^ mass than the medium gas source in particular 

%^(Dj^^\^^%^iJ 7st^^ ^^Ml in the aerosol production region will further 

SgF^p|5(7) ^ ^ V TISTs t> L < lower the static pressure of the aerosol capture 

}iv"— i: LT^^A^tiS section of a classifier effectively by having taken 

}iofz.^}i^^h the composition introduced as the carrier gas or 

6^{c^^igg(75^TP y/i^Sl^9 sheath gas inside a classifier, as a result, 

iZb^^(D#^i±SrTtf 5 ^ <ir J^cf aerosol can be more efficiently received to a 

^9. xy\^X\t^'0 9)]^m^:^r classifier. 

p y /^^5->?f^SMt^ffi^ ^ ^ht^Z, Simultaneously, since the mass of the medium 

i::d^T#5o DMA§^ gas in a DMA type classifier (carrier gas or 

^^S^MP^(^*:^tt S^SW;^/ ;^ sheathing gas) is large, the spatial dissipation 

y T^T. L < (iv^^;^ by brown diffusion of the object ultrafine particle 

(D%^i)^i\^\^tz.^\z.^ in a classification range is suppressed. 

WiM3^'^X(0^'^M^%L=^(Dy^ Therefore, it also makes it possible to raise a 

y i^tfitSctc: cfc 5 ^fs^^i^ffci^^ sharpness of classification as a result. 

m^(o%n^fmm\ [brief description of the drawings] 



mw [FIG1] 

if-%W^(r)%%(D^^Wi^i^\^ Cross-sectional model of the microparticle 

5|&T*:^i^^Sc7)if a^f ^gl classifier in Embodiment of this invention 

[|g|2] [FIG 2] 

i^%'^^<0%%(DWWi^1^\^^^ The expanded view of an aerosol taking-in 

Tny'/u^Ji^j^ia(7)fc:^^i§l section periphery in Embodiment of this 

invention 

] [Description of Symbols] 

1 p yVw^j'^S^ 1 Aerosol classification section 

2 p yVUit^|f[5 2 Aerosol generation section 
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3 DMAmi'^'Mmm 

5 J^Tpy>®liAa5 

6 :n7' P /y^Mitt 

8 U T;if^^AP 

9 iy-y^:ff:^mAa 

1 0 ^ii^^ 7 n P 

1 1 >'-^;y'>^®mp 

1 2 ocTnyVvIffi^ V y h 

13 :i^T cr yvv:si3Zi;^ y y h 

1 4 — >^ ^'i/^ 

1 5 «Rfti 
1 6 ^^niti 

1 7 E^iffii;i±a;li 

1 8 mmnm 

1 9 

2 0 M^m^^ 

2 1 

22 P-iJ^y-TK^':/ 

2 3 K7-r4<y7' 

24 -v;^7P — 3 h P — 7 

2 5 f )t3»A^s 

2 6 Sfri^-y^/ h 

2 7 o^TpyVwlx^p 

2 8 j^Tp 

2 9 ^xmmm 

3 0 ^TP^/W^i^^i^g 
[HI] 



3 DMA microparticle classifier 

4 Carrier gas piping 

5 Aerosol taklng-in section 

6 Aerosol conveyance pipe 

7 Ionization chamber 

8 earner gas inlet 

9 Sheathing gas introduction port 

10 Classification settled aerosol output port 

11 Sheathing gas output port 

12 Aerosol ejection slit 

1 3 Aerosol taking-in slit 

14 Filter mesh 

15 Inner-husk cylinder 

16 Outer-covering cylinder 

1 7 Positive-electrode high-voltage electrode 

18 Earth electrode 

19 Microparticle generation chamber 

20 Evacuation group 

21 Turbo molecular pump 

22 Rotary pump 

23 Dry pump 

24 Mass-flow controller 

25 Laser-beam transduction window 

26 Solid target 

27 Aerosol collection mouth 

28 Aerosol conveyance pipe 

29 Classification range 

30 Aerosol reception apparatus 

[FIG 11 
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1 : Aerosol classification section 

2: Aerosol generation section 

3: DMA fine-particle classifier 

4: Carrier gas piping 

5: Aerosol taking-in section 

6a: Aerosol conveyance pipe 

7: Ionization chamber 

8: Carrier gas inlet 

9: Sheath gas introduction port 

10: Classification completed aerosol output port 

11: Sheath gas output port 

12: Aerosol ejection slit 

13: Aerosol taking-in slit 

14: Filter mesh 

15: Inner-husk cylinder 

16: Outer-shell cylinder 

17: Positive-electrode high-voltage electrode 

1 8: Earth electrode 

19: Fine-particle generation chamber 

20: Evacuation -based 

21 : Turbo-molecular pump 

22: Rotary pump 

23: Dry pump 
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24: Mass-flow controller 

25: Laser-beam introduction window 

26: Solid target 

27: Aerosol collection mouth 

28: Aerosol conveyance pipe 

29: Classification region 

[1^2] [FIG 2] 



4: Carrier gas piping 

5: Aerosol taking-in section 

6: Aerosol conveyance pipe 

28: Aerosol conveyance pipe 

19: Fine-particle generation chamber 
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DERWENT TERMS AND CONDITIONS 

Derwent shall not in any circumstances be liable or responsible for the 
completeness or accuracy of any Denvent translation and will not be liable for any 
direct, indirect, consequential or economic loss or loss of profit resulting directly or 
indirectly from ttie use of any translation by any customer. 

Derwent Information Ltd. Is part of The Thomson Corporation 

Please visit our home page: "WWW.DERWENT.CO.UK" (English) 

"WWW.DERWENT.CO.jp" (Japanese) 
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PTO 2003-4370 




S.T.I.C. Translations Branch 



(2 

1 

a. 

■rStcRLT. xToy;l^««tt>{tS«®;«rx« 
;<f:^t, L<Jli^-X;yxt Lxmx$ti?>:iti:mit 

i-sgHBt. iS4S<ifcxroy;k$-4)-i!aiaA^$. 

*ijfflLTxrny;i.]Ri5a^a5/^^A-rsaiei:, xr 

BirExroy;l.S:^>«^gA^A-r5tlgLT, max 

7uY/\Mmm&izimtx. rnmrnmrntz 
««snytxTay;nRoa;^^ao«)BE*«, ra**»«v^ 

7tiYA^i:^m-h^&t. ^S^ttxToy/l'Srll 
E5:fiJffl LTxToy;l-»«^gA^ 0 3.tfxr ny;P 
JROa^^glfc. xToy;P*»(i>S^i^$:t»«-ri.m 40 
^F^MR^Si:, xTny/k^xroy/UXOii^a** 

'5>i!i^^4>«#a'^«si^sxroy;i.jiKi#ai: 

ISO. 

xroy;WRO)i;^^^S<±. ii9iBx7oy;H6t^S(^) 
iffiEtJtlRL-C. f^^^SfiH^ffllS^nXiXTny 

[it*«7j xTay/nzoa;^^^{i. xroy/p 
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*iO. *fcxrny;HR"5ii»#gO]R'3a*a«l<Oi! 

itx\>^i>zbiimbi-immem,(o:c7\3Y>\^fi* 
izmmm:^mbm^j:^fzmm<7)mm}(fxi}:. m. 

xmX^ili 5/-X;{f X#Affi^fcfi§^$*l.TV^S C b 

f:mLbi-tmm6 *>:;{i7^<^Tny;i.«i»ai^ 

[0001] 

mtzj^ToY)\.fp(r))^mm.'f^^^-t. ^i>iz»m 
^imtthzbT. ^izm^Ltiim^cr^imm 
LxwR'thm<n&Lfmimmtzmri> 

[0002] 

^l&iS^ilS (Differential Mobility Analyzing: D 

HA) trov^TjS^S. Ztiii. xTny;|.«1><08m^^ 

ML. m.^^^^ (es) izxmmaxtxomi 
mimozbimmLxnom.mv$>t. z^^iz 

-DK^Xiommmm. i^A— • :ty • xroy;i/ 

■ -^-^f xyx. IS2 8^ ( 1 9 9 7iF) . 1 9 SM*^*^ 
2 0 6H (J. Aerosol Sci. 28, pp193-206 (1997).) 
tZ§iS&^tlX\>^i. 

[00031 m2(rmmb lx . m.^m^&mm 

(Particle Beaa Mass Spectnnetory: PBNS ) {COV% 

xw<^i>. zmim^b^tm.'Ft:ii^.tt:w^'¥^m 
i)-^. ^^'ffci'eai-rsi^Tists^^e^m (b- 
-A) iicth, iRfc. z<^)m.'mizmm^:mMti 
zbx'^^"^. mtKmm'^xm^immhzb 

■C. ai^^^<0®fttlEtfc4M»S^tf3:65rc**. Z<D 
gffitov^TORittUiWxtf. i^>— ^^l" • XT 
aY)U -^^Jiyx^ |g2 6«(199 5¥) . 74 5 
H*»^>7 5 6H (J. Aerosol Sci. 26. pp745-756 (199 
5).) (C^^itTV^^. 
[0004] 

i^m^mmLXob-rhfm] L*>L^:*i<?,, ±^ 
yf^Lm.tt z b mi^iz^mt ^tzzbi>h 

MATh 50-lOOTor ri;Xtcmi^S.:}jiJ^i^b 



3 

w^*■c4J^^^s/ci^>tc^i. hxElS oto r tOT 

[0 0 0 51 <5cfc:m2<Ot¥*S«K:J:o-C. SSBSnm 

[00061 ^fmi±Bnwmizm:^^^tdii></)T 

fcoT . «ET«^i.Jf 5 0 T o r r OTT'^^itSe 
[00071 

*^^>^<ti&^)«@ia^viiff ^fdffl LT^A-rs tie 
©<^^$^iTv^s. ^<^«js-c, ^mjistxroy 
iiizi*). ]ixoa*ss5o»E^xrpy;i^fg«<oE 

[0 0 081 */c. *^mDUAm»s^\i. m. 

ilBfflllcRjfi^ixfexrnyyUJOa^af**. 1*g<r)^ 

[ 0 0 0 9 1 $ ^.t. ^^mDMAmm^s^i. x 



(3) !Rfl82000-146818 

4 

X (^^llT?5fxtL<{ii^-x;{fx) (7)®fi*Jfiv^^ 
10 [00101 

ti, xroy;i«®^»/^,xrDy;k^^^«gia^ 

E^*IfflLT^Af6*5«<0DMAam^mfrffifc:tJ 

\^x. :crxiV)vm.m.mK^imLx. i)«iia 

llfc«jSS*i/cxrDy;HX03i^a5<7)^3!)>\ 

hu\m<w^^ttx\.^i,. :i<r>m^. "itims.^ 

■i:±t*j:^Mt^'timb^h^b{zX^. JROS^SS 

m&b LT{i^^*>J)SV^J4«V^ttSrt,Ot»«||B 

[00111 ^^X. mm2^WSLniiotiZ^ 4HR# 
SfflKcfflfigSn^xToyyUROii^^lS**. fif«0#^ 
U Tifxi^mih ii 0 iz^r^xti 0 . *>oxrny;HX 

^ixX\.'>i>tiib. xrny/PKOS^^tciJJtS^mW 

30 J: 0 . :}milSffl|xrayyl']R'?)i*a5co»E5: J: 0^ 
SmtzTifl^Lbisimb LTV^S. 
[00121 ifac«3. 4izmL(r>Xdiz. x 

«®;5rx. !|${cxray;H64««fcis»t&«®;«!fxa 
J: <^nMtcr)±t\^ni!fXi}i. ^SL^mUc^^^ U T 
ifXi>t<iii^~X:^XbLxmX^tLtm&^b'7X 
v^S. ^iifciO. ^^.fcSftaWfc^miSBoxrpy 

^(::xTpy;Wi&^)-«JIMt]R Oatf ^ S . 

40 mmiz. DMAtmf^s^m.f^izmm'Rtfx 

-eUTifXi>L<\ii^-Xi!fX) <7)e»im\>^t:lf>iz^ 

mmm'mMmm'i^'f^^ytmtzxi^m 
wmim\-th<Dx. m:bLxmmm±jfi?>:ib 

[00131 imfDmm) <>ct:. ^ififlSfcrfcttsnis 

mmiz'^\'^xmmi-ti. muz. ^i^mmmiza 

50 sxr py;i'4isai2 1: i '5«j«$*iti.^s . s ^.t. 



5 

xTo/yi^gs 1 ii2m.mwt»mD MAmt^F-m 

[0014] xToV;P4jSg|5 2 {it»&^^4fi!tS 1 9 1 
•e«OKSSf^2 0^i:>/c>flllS$iiTt^«.. xror 
yi*i«92tt, ttS^l&i5-tfXToy;P=&4jfi-tS>:;* 

h 2 etcifiittT/f;!/:^^— rb-Ai&#A-r&^Al§2 
5 fc . B*^-y h 2 6*>i^>fta5^^^fexT^y;^* 

xTny;Hma5 i^^m-ttm i (oxroy/wjsiiw 

2 8 i: *»(i>18«$ il. m 1 <7)XTny;PflB*W 2 8 cO- 
aS»iae^^M»*l«^l 9rtWH«t^'-y>' h 2 6^ 
a5t»-^ TMX/X Z (Difimz^iToYfUi flXm-r ^.XTo 
y;nR«P2 73&«^»t^>h.Tt^-2.. mi^^^i 9t: 

»i. m^«.^2 0 1 L-C^-iJi4h?^yT2 1 fc . P 
~:J"J-;Kxr2 2i:3&^S<lTV^S. ifcSK^ 

46<0h7>fjKyr2 3*iS^3nSi;i:tt, 
-3y 2 43&««S<t-CV%S . 

[00151 xTny;HJ«a! 1 <^)-ttTiaSi^ 
4^S»2fcfcv^T4«$iTJtxToy;l'$rlX0atfXT 

[0016] xToy;H5Bi;?ii^3 0(4. ±Em 1 <0 
xroy/MJI^If 2 8<0fl!jSgfc:^S*ixroy;|.4l« 

^1 9*-<i>jl^3ityt:xroy;P^lX0atfXToy/P 

ma 5 fc . -3g*ixTDy;H5Gii» 5 ^zmm^ tit:^ 

isv^T-i83{i<xToy4']|Sa95fc:«SR$*txTny;P 

IRaa55aR'5)i*ti/^xTny;l.5^«e^P^«igg3 
^l»lttT)lll&-r&^2<0XTny;|.«BII'f 6 i:*»/i>fllJS 
^tlTV^S. ^<7)XToy;H5Gi;^i^S3 0(402 fcS; 
±tX^i: olZ. xTny;HXagf!5 . ^+ 'J T;<fX 
E'^4. S2OXTDy;H»il^^6(0gS:ih!)n^-rh.t>'g 

TDy;i.jtei^6«^)itgtit^TxroyyHRa^5o 
;^i;«4<ofl!!3gfe:t4^^ 'J Txr^#AP 835p^»tA>n, 

\±aLTuV)vmm 5 t^jR oa^fTJtxroy/pjras 

^4HRIIB3'M6HtTflBli-rsaS>JSrl#o. ^i>, xr 
ny;H!Gi;^^3 0 i:tSKt^^^«SSIB3 t<orat(4x 

s. 

[00171 ::<^lli4c7»B®fc:tjv^T. Wk=mkm. 

3tH4DMAfim^f4Mi®B36^§*l-CV^S. 
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^n^i ecortastcsasiurrtimMi 5i:, 
^^s. ?^R«i 6(4. asgas (^sa5 : xroy;K^ 
■rs) fcJ:t/jt3i8aiA«ia!ft$tu:e«i**»^>iS'?. ass 
AP9ATO^.*i.Tv^^. ^/v!. ^«an®i 6<7>^*- 

I6l+m5<7)rta5fc:(4. SKi1^n(^16i:rtiin®15 
kcDSfcai3|ytl^fc:J;0ji»3l*»m§ii. 
10 »3 1 ^Sr(:(45^-X;irxlXajP 1 1 im.vihixx\^ 

mSfizX •))«*xToy;HBffix»J M 2*gg«$a 

[00181 rt^n^ 1 1 6 J: 0 t>/h§^r 

g^l§-PM««o6>^,)g'3. 'e<^3ga»4iEffl$iiS- 
ife»8»(4Blft$fLfc=^^-yr«SJi^*UTV^5. 4 

(4. ai8&3 li:rt»n©l Scol^iSSkSr^-rSfifctlKc 

20 msfizx 0 iR*xrny;v-mx y »/ m 3 3&qgjft$^i 

Tiiaxroy/prnxu y m 3a^»^>5feSr^gtx 
SxTny;PJXaj'g3 2(cS^$ix, c:<OxToy;HX 
ai^ 3 2O5tJ8K:(4^MiJaf<0xr oy;W)S]R 0 iBSfiS 
xraV/HSJEBP 1 Oim&^fiX\''>h. 
[0019] IB20xrny;Hft2l®6(4. 

m:3mtzti\>^xii. ^Lxm. (0i-e(42o) 

(ii^nei 6<7)fflBSt:BB£?it:txray^MaiiJX!; 

30 '/hi2iz!/^m^hmm^tix\.'>h. 

[0 0 201 :*^<0JKB'Ct4, v-Uay ( S i ) 
yPvri'^A (Ge ) ^:i:-Stt]S^^«aO@«:^'-^'-y h 

Hiif-yy h 2 6<?5^iif3{p^,ryp-h • »aj) 

$iut-f*V Mi^- ^'^X^S:. 's'J'^A (He) ^: 

^Mi. ^-yy httmrn. ^vi^xi^—fn-j^ffrnm 

eS4)-^i(c«fc**'SrlMI^^;t6iO{4, «xr:!tffi 
:>JT*S. ^#S«c»flt LT S i . ibifyt^b LTH 

e5:fflV^)tJ©^. mii/fXEiiK 3-20TorrT. 
SS*ianin*>^>iSl Onm. 5 0 n mO. 

[00211 $ i^iz^mz^mcmmizinf^-f-y 

(4. ^BBSa51g^4ac7)::*:^V^:^/i»e^ (Sg5nm-C 

(4»4 oximssmm^tich ) nmft^TFwmm 
50 izmi>xmmr:»>i>zti)^i^.mm^fi5tzwmm 
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7 

O.lfl^^tLT. 10-»« Torr^S^^LT 

9. 9 999%JjLh) 2:200s ccmO-Sg£ftT^ 
Af 4. '7;^7n~3yha-524atf««e^«c 10 

fctCiO. -^COHeUffl^lO. 0Torri»-5 
[0022] J:^c7)«EHe#fflmttJV^T. 81^^^ 

atmi 9fe:iiB$*i. 8rpm (His/^^) ffmmstc 

Ait5»0^-if3l^Alg2 5S:aUT«3»aS8t^S 
aVitie^^. ZZT. m^i^~^'yV26tLXim 

m^imms. (ffi*© (10 0) . mmi o q ■ 

cm) i5■^SfflU:t. ^VUXU-'f\^'-J^<7)msmb tx 
Q-X>f y^Nd : YAGW-if<3DSI2»8[ (« 
ft : 5 3 2 n m , / WXX;t^;P^— : 1 0 m J . JVUX 
«i: 40ns. &0&Lmm: lOHz) Sr. Hfic^ 
-y-y h 2 6<^fflJin 0 J/c m2cOX:^./|^:^fHSf 

[00231 SWc^-^^ y h 2 6<7)^®*^^Typ-h 

(iKSt itaj) sii/csiii (>fjr> -iST- 30 

wm^y!fxmfj^}nzX'yx^(^i> . 
[0024] n^^mz&h±^^j:^^^itcoim 
m^^'xm:fjThh. ztiii^S)?>mmirmi>tmsL 40 

i m<^mimmmi±.T4^i'Ms i ^isk Lxaag^ 

i>i:diz^j:t. Zcommu.^mtLXSitHe^m 
V\ rtLT>'«;PXl|i*JSa)>4>8t+ns<?)Q-X-f 
•y^V— rS^fflV^^t^, 3-5TorrftiSfc*S. 

^^t±2 0nmJJLt<Oia©i^*s^$iTJt:0. $^>fc 
S J: 3 fcir&. C:W4, Wtti S i aoUffl^XfxfcJ: 50 
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[0025] ^zx\ :mm(mmx'ii. 

0. 0 Torrii^Lfe. H«c^-y.y h 2 

6mi^i^cr^imim<^j:tlZ'OtlX t,Sl&^cOjKft*« 

oy/nKmp275rii»t. Sv^i•r4JSLfc-^yf*e^2r 

HBflSvH e ;<r;^ k 1 1 fcXTD V;Wt tX^ iH^Z t 
fciO. iII6x4«yl^^-^l5fii$-ii:-r^fcj§®t6C: 

hx^fWsmmzth^^^vmvxuh. zzxm 

■fSxToV/W4. XToy;Paijil=2 8^jloT, X 

TuV)vmk^ 1 i^xTuyyi^ma! 5 tsiA-r & . 

[0026] *IIM[<0)gS<0DMAftl&?^8^3T 

tt. xrny/P4j£a52«0^fcJt«LT. xToy;P 

t»«aj 1 ffl!itc«rii$*t^cxroy;nxjia5 5 <^^e*s. 

^^*SVM4lS<a«$nrv%S. DMA 

W&'f-mimW.3izx.TxiV)V^:WL*)^Mstztbl.z. xr 
ay;H5GiaJ 5 fcdf^ y T/fXii^^ ^j:^X'm^ 
b-ThZttzX*}. xroy;HXaa55tO»E5:WT 
V^S. ^liifciO. xToy;P]Ri^5tf:»E*xro 

i: LTJ4H^*»*&V^{±Sv^$^t>oDMAt8S^4m 

mwismtz. x-TxiYfiimx-r&zkiMt&t^ 

■5. 

[0 02 7] J:^<0«j«tJ:oT. Si:^yfi|®^^kH 

8 ^a-?T , xTDy;i^a 1 coxToy/psxa^ 5 
t:iex-ri.«i8^. xroy;w]Riia55^<^4fc*s 

(H2) S^fflV>T^»L<iiBH^S. 
[00281 S^^xr Dy;k6<xToy;Pt8J*^ 285: 
MoT . xToy;l^agS 1 <0XToy;HSjag5 5 tc^ 

-rs ) ^ttrnFf^Oim 1 9avxroy;i/aB3^2 8 

*»^>. Ifff (Pt k-rS) ^:SxToy;|.BXjiSP5'ViO 

SLKmtimtijjmfiizmfrthi^mh. 02 

'tJ:d(:. »»'i^^j£Sl90|^iastc;B(t&llimi{iSSt 

{iis«-c^. xroy;H56iSiJ5rtarctt. cs$ (qt 
io^ffip. ^Po . mBiP. mft^mizimm^ 

[Sell 

P+_1_=P. 



(6) !|$ia2000-146818 
9 1 0 

• • • (1) ♦ClfcfciJ:'). xToV;Pm'g28*»^>xror;l^]R)i 

[00291 mt^ ifim.'f^^i 9<^ ms^ffm^Mm^, <D2m^. ( 2 > 

/_ P. q. ' ^ 



q. ' = 



2r P.P 



r-1 P. 



1- 



P,.- 



• • • (2) 10 

[ 0 0 3 0 ] ^ i Tr tt«iS;yxcoJtSHfCmf*^J-^ CO 

LT. eE2 5TorriOAr5r. S^^^Jit^l 9ffl 
C7)xrnyypiia;erxi: tt. ^1 OTo r r<?5He 

aST'WSSSqt 3&5, 2 6 0m/sfcii|at-Si:. XT 

oy/i^aB^2 8*»^,xrDV;m5Sia55^tfos£Aj&fBr 

Igt^rS. xToV/H5Gia{5T<08SSIqt fcK 20 
JiffijtP'ftoT, -eotttt3 3 6m/s-C*S. i-t. X 

jSqp fc:t>J:M3{i«*>-5T. -e«««16 8 0m/s-Cfc 
^^±IB2aiS<^)8aLh|IBfl(j£Ai^(=tti:<^ 
MflcffiS ^«jt) kittK^^KJ: OSt 

[ 0 0 3 1 ] § ^fc. (a2 ) iphmiz. xTnV;H!l 

S!l«fi^tcxTDy;l.«0]iX 0 )i;*SriEJfC§ 4 C t A^WJ 

: Pt , Pot. p» . P 30 









^^')T:ff7.!Si§t p. 


fit 




-Pa 
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[0032] >*^Jt<7)J^Btii. U T/fXA r iOliS 
»$-2. 0 1/m i n fc^^LTV^S. X 

tliik^T, (2.0 1/m i n ) S^5t<!0SSiq 

t J:RjaK3 36in/s<O8O%TaiR-rSJ:dg^3850 



•Si:. XToy;H)6ia5<0gl4. 2. Smmk-T'^g! 

:J'y;^«^ft^o^^^Stt*»^>. rtg4. 3mm<n\/ 4^y 
i-m§immLX^^^tiib. xrny;HlSGiSP5-C«4B 
2{c^-r±oJ=<tXitffijt$ri:oT^^S, ZZX\ xT 

oy;i/maj 5 ^ u rxfxsB* qt ^ iKas 3 

36in/s<080%fc t . XT oy;Mi^2 

8*»/i>xToy;i'B2ag5 5^(om^mmx'<^nLKnm<i 

P {4, 3 3 8 m/ s t OIIS±3fei)-=3Hi**ll«$*l 

[00331 ±a<oaiST. xroy^kjmsi 10^^ 

xrny;l/JRjiSI55fc:^A§ii^xroyyH4. 
t«4S i ^yfitK^^k H e«®;yx*>^>fl|fi£$*l.TV>fe 

^-^ V Ty^xmxn 8 -v y r;jrx 

•cfe5rn'rr>' (Ar ) i:;g^$/iS3t«>. nnufxifi 

Ar+ He<0S^;i{fX-C*Sx7'ny;ki:^:oT. DM 
A«»4^«^»*:*3fcl6l*»oTiRai3il*6«)5. 

tti^fi[ftr^'ji/»>A (241 Am) (m-ttmrnizx 

y««i?wegi:xray;MBSW6rtat<0ffift (±fe: 

iSE) {^t«c#i-s*\ ^mk(mmxim&5nmo^s 

ZtifiX^h (£E*1 0-10 OTo rrS-SS) . 

[00341 xray/pjsiii^etiDMAfssi^j^^ 
a**3ts[A-r«.ifrfc:. m^jeT2^fc:i«s$tt 
s. DMAas^^iis*<*:3«. 2an©a^D 

1 Sk^l^nitl 6^S*fc:<9i£$ixTV^S. 2^t 

^$iutxrny;HKa^6J4. 2an©«Bi<oJta 

3ttt. i^-X;y:^^AP9. i»-aa^Toy;HXa5 

pio. >'-x;«fxflxajp 1 H)mm^iix\>^i,. zz 

j^-X;{rx]RaiO 1 H4. xroy^MIKI^ei:^ 

2fineii«3§(o^4*'ii«i(c»ii^^T«sei;$ 

[003 51 ivlT. DMAfa&i4)«^g**3<0ift 
v->^;{rxfcLTAr;{rx*«. 2 0 1/mi ntOSaiT 



1 1 

Mn:ff:^ii. Art HeCOii-g-;<f>^A-^^oTi> 
0. Si-t/tSSi^5-^^«.xrar;WiDMAi«a 

[00361 ^mmm2 gx-a. mnm 1 5<mmiz 

fiS '3-:>tt^>#T/cjE«^BflE«ffi 1 7 fc . JI^RM 1 6 « 
'J >y M 2*»^>^»®«2 9tCi^A$ii^v:?^§^i.TV^ 

PI miffifxiiiEi}^^^) izmk^ti, 
-xnxm^ui lij^tym^^tih. ^:iy^kM7izx 

©^^4. mimi 3(rm\z3\^^tyix. -asjixr 

[0037] :a««iS2 9x<rmmiML^%mi. js 
xmx\izi.hm^fissmm..mmLm^.mm 30 

1 
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(7) 1^2000-146818 

1 2 

y^nxajpi o*^^>ifttij-rs::h*»'T'§'S. ■r^i5*>^i- 

X) ^m^t^:itx. hi>imxiimmmmm 

imjt^ztipx'^h. 

1 0 0 3 8 J ^ui. zff)m(r>mm^\ mif7)x 

V -7 Ki. z^~X:»X^\zi5»h')ry^=f^f^^y 

"C^ L : 2 Omm, Ri : 2 5 mm, Rz : 3 5mm 

. i^-XifXtLX. Kri}X^20 1/min, QJ 
JlIfffi^l-2 0 0V£0«HT^^fcL. -ifllfc:?^ 

5 - 1 0 n m««H-C^fc:«l^# . 
:?6Jft<?eJj6«ll*<l. 2^W^LX\^h. 
[0039] :lZ.X. y-XiSXhLXAr ifXi:m\'^ 
Stf5»i. He<^l. 68*gtf)5H'Stf. Ht< 1. 13 

Hl.^'^hZ.ti^X'^hlj^hXhh. Lipi>.^/fX<7) 

'i'Timh^xhi. 2mmskmDMAm^ 

fc*5V^Ttt. >'-xifx</)iH^<f».tPm.m*iii!:^ 

<^^hztizj:y)^ mmmimxmizj^± 
^■^tztifix^t. ztiii. 2m!PimwamDMAm. 

e^4MSlB6a<^)*l»fi«fc:fcJtSxToy;|. (9m-t 

^f^^mr^tzM'^<yy^ymtm.tLximt?>z 

^FWHMtf523|l$:^!tt63t<om ( 3 ) ^<OKS« 
[|%3] 

(R, +R, ) (kT) » 



b = 



R2 ~Ri 



const. 



(3) 



[0040] mmmifim^MB^tmammt:^ 
i^~xifxm^^a. ifitt*/iOfl!it:t. i^-xax 



= 2. 78 4 
\M2\ 
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[0041] 3js^ifc<^®T«. s 1 i-ytsm'^^ 10 
^mmiH±iz^^-^x\.^6. mmf^s^pii. si 

i-/9m.fm^(OHe0xS.:fjim\'^t:ib ( l 0 . 0 
To r r ) tt^;^tZim<'C^^\,\ i-^:*>t>, XTO 

1 5 n mJJlTO+yfflS^* i*lfcf:i-S DM AiMRH^ 
[00421 

[|«H<r^l JjLh^^idfc. i\^?mzkiiii. xTn 

naffltajssnfcxrDy^nRoa^aj&s. m'&<^ 
V Titfximtitwfmmi: txis*). i>*omt<^ 

'tgc^x*}i>m<m&Lt:zkx\ mimmm^TaY 

[00431 xTnv';l^««t:tJ»tS«®:<r 

}inznmmy!fxmx*)mm<^^\'^m.mxi!fi. ^ 4o 

«®iSrta<^^^ y T;!fxt, L<iii^-xifXk LXM 

X^tim&i:b'^i::ZtX'^i^izmmizMmS<^ 

tti OJS^txroV/PJrihB^atlR'jatfC: t*J 

•e#s. i^i^t. r>MAms^mztimmi!fx 

(^^^)T^Xi>L<iiiy-X7!fx) c7)®ft*J±§V^<: 



[0ffi<OfS*^rittBB] 

[01 1 ^fimnmmmtztsifh9sm^mm<^ 

mmmm 

[021 *IW8«r)|ltt<^®fe:iJttSxroy;HSei« 
[flF^HWl 

1 xrny;i<}mat 

2 xroy;i':tjSgp 

3 DMAlB^^^Hi^ 

4 ^^rVTifxmfS 

5 xTny;HSGigS 

6 xTPy/HIKI^ 

7 >f3r>'ft;a 

9 >'~x:ffxmxn 

10 ^arxrnyyusjaiP 

1 1 i^—Xii'XJRt^D 

12 xrny;H*ai:^'J-/h 

13 xroyyH!Bixu»/h 

14 y 4lV^~it'vi^3L 

15 rt^R© 

16 mmn 

17 jESismEms 

18 

19 m&^^EmL 

2 0 

21 

2 2 o-:J'»J-;K>'7' 

2 3 H7^5K:x7- 

24 nyho— 9 

2 5 W'-lfjl^A^ 

2 6 B«c^'-y yb 

2 7 XTny/HK^P 

28 xTay;l4I^W 

2 9 mmi 

3 0 xTuy;kJXji;^^SS 
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Pi 
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(72)«B8# ^ * fi « C72)?«8« iij ea * ^ 

«^jiijajii«nu^^B:mHBa3TBio»i «^iiiiiuii«fmi^«K3itHBa3TBi(sii 



